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INTRODUCTION 

This compilation, comprising Appendix A (Volume II) 

of Final Report for "Design and Development of Diborane 

Shipping Container", consists of pertinent documents of 

record in contacts with Department of Transportation to 

obtain and revise Special Permit No. 6522. 

Each document is included as sent to DOT, although 

in some cases additional notes have been added (and identi

fied as such). Individual documents have page numbers at 

the top, while appendix page numbers (A-l, A-2, etc.) have 

been added at the bottom. The same situation applies to 

table numbers and figure numbers, which have each been given 

consecutive numbers Al, A2, etc. in addition to the original 

numbers. 

These documents have been grouped in two parts. First 

is the initial petition to DOT, submitted in June 1971 to 

request a special permit. The second part contains addenda, 

including support of the initial petition and requests for 

revisions to the permit after it had been issued. 

DOT Special Permit No. 6522 was received on 27 December 

1971. First Revision to the permit was received on 24 April 

1972. Second Revision (current) to DOT Special Permit No. 
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6522 was received on 18 September 1972, with an expiration 

date of 15 September 1972„ 
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DESIGN & PERFORMANCE 
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SUBMITTED JUNE 1971 

by 
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DIVISION OF MINE SAFETY APPLIANCES COMPANY 

CALLERY, PENNSYLVANIA 
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I ALLERY CHEMICAL COMPANY 
DIVISION OF MINE 6AFETY APPLIANCES COMPANY 

CALLERY. PENNSYLVANIA 16024 • PHONE (412) 538-3510 

14 June 1971 

Office of the Secretary of Transportation 
Washington, D. C. 20590 

Attention: Mr. Gordon Rousseau 
Chief, Special Permits Branch 
Office of Hazardous Materials 

Dear Mr. Rousseau: 

Under Contract Number NASW 1827, Callery Chemical Company-

has developed and tested a new container for shipment of 

diborane. 

The new container is designed for shipment of 200 pounds 

of liquid diborane; and 1t incorporates the same design con

cepts of safety and reliability which have permitted Callery 

to accumulate an excellent shipping record for diborane in 

quantities up to 40 pounds. 

The attached document gives the container performance 

test data, along with complete as-built drawings. Safe time 

for shipment was shown to be over thirty (30) days; therefore, 

we feel that a permit based on fifteen (15) days would give a 

comfortable margin of safety, while expediting delivery. 
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L—ALLERY CHEMICAL COMPANY 

Mr. Gordon Rousseau - 2 

Callery Chemical Company hereby requests your favorable 

consideration In granting a special permit for use of this 

container. Please advise 1f any further Information 1s re

quired for your decision on this special permit application. 

\lery truly yours, 

CALLERY CHEMICAL COMPANY 

DIVISION OF MSA COMPANY 

K. W. Beahm 

Project Leader 
KWB:jp 

Attachments 

cc: Mr. R. M. Graziano, Agent 
Bureau of Explosives 
Association of American Railroads 
1920 L. Street, N. W. 
Washington, D. C. 20036 

Mr. W. B. Powell, Technical Manager (2 copies) 
Jet Propulsion Laboratory 
California Institute of Technology 
Building 125, Room 224 
4800 Oak Grove Drive 
Pasadena, California 91103 
NASA 
Headquarters Contracts Division 
Washington, D. C. 20546 
Attn: The Contracting Officer, Code DHC-6 
Subject: Contract NASW-1827 
Mr. Frank E. Compitello/Code RPL 
NASA-0ART 
Liquid Propulsion Technology 
600 Independence Avenue 
Washington, D. C. 20546 
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- 1 -
'CALLERY CHEMICAL COMPANY __ 

200-POUND DIBORANE SHIPPING CONTAINER 

BACKGROUND 

Cal lery Chemical Company has been shipping diborane 

as a flammable compressed gas since 1953 and as a l i q u i d 

since 1959. Cal lery holds Special Permit Number 930 for 

shipment of gaseous diborane and diborane- inert gas mixtures 

in non-refr igerated overpacks, under spec i f ic conditions 

out l ined in the permit. Cal lery also holds Special Permit 

Number 970 for shipment of l i q u i d diborane in overpacks 

containing dry ice for r e f r i g e r a t i o n . These permits were 

rewr i t ten and reissued in t h e i r present wording in January 

1968. Over the years Cal lery has an excel lent record for 

safe shipment of diborane. In addit ion we have handled 

diborane with consistently excel lent safety records in our 

laborator ies and production p lants . 

Currently the largest single package permits shipment 

of up to 40 pounds of diborane in a D0T-3AA2400 cyl inder 

surrounded by dry ice in an insulated box. Gross shipping 

weight of th is package is about 1300 pounds* and Special 

Permit 970 requires del ivery wi th in ten (10) days. 
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- 2 -
CALLERY CHEMICAL COMPANY 

Prospect of increased future demand for diborane renders 

this package inadequate for the projected quantities and 

impractical from the standpoint of handling labor. 

In accordance with the anticipated increased use of 

diborane. NASA awarded Contract Number NASW-1827 to Cailery 

Chemical Company for the design and development of a con

tainer for shipment of approximately 200 pounds of liquid 

diborane. Work began on 7 November 1968 and has continued 

to date under the same contract number. 

Notification of this work was given to the Department 

of Transportation and to the Bureau of Explosives on 15 

November 1968. Upon completion of the initial design, com

plete drawings were submitted to these agencies on 15 July 

1969. Cailery representatives met with Bureau of Explosives 

personnel on 24 September 1969, and the Bureau's recommenda

tions were incorporated into the design. An exchange of 

comments on the design was made with D.O.T. in November and 

December 1969. Subsequently the container has been tested 

with the results presented herein. 
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0 » t i E # ? V CHEMICAL COMPANY 
- 3 -

200-POUND DIBORANE SHIPPING CONTAINER 

DESIGN 

Design concept fo r th is container was selected to take 

f u l l advantage of the success achieved in shipping diborane 

for over f i f t e e n years. On t h i s basis dry ice was chosen 

as the r e f r i g e r a n t ; because th is el iminates the need for 

control devices used 1n l i q u i d nitrogen or other l i q u i d f low-

type r e f r i g e r a t i o n systems. In addit ion dry ice is compara

t i v e l y much easier to obtain and add to a container which 

has been delayed in t r a n s i t . 

Deta i l design of the container was performed by CVI 

Corporation, subsidiary of Pennwalt Corporation, under sub

contract to Ca l le ry . Ful l advantage was taken of Ca l le ry 's 

experience in terms of materials of construct ion, valve 

types, e tc . for diborane serv ice. CVI contributed the exper

t ise in cryogenic vessel design technology to achieve the 

necessary insulat ion e f f i c iency and strength. Unlike Ca l le ry 's 

previous diborane cyl inder overpacks, the new container de

pends to a lesser degree upon the dry ice and to a greater 

extent on a much more e f f e c t i v e insulat ion around the inner 

tank containing the diborane. 

Reference to Figure 1 and Figure 2 w i l l show the general 

layout of the new container; with a 36-inch diameter spherical 
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CALLERV CHEMICAL COMPANY 

inner tank for the diborane, surrounded (except for the dry 

ice chamber) by a 48 inch diameter cylindrical shell con

taining perlite insulation evacuated to about ten microns 

absolute pressure. Over 100 pounds of dry ice may be added 

through a bellows-sealed neck into a chamber in direct con

tact with the top of the sphere. The spherical tank contain

ing the diborane is coded for a maximum working pressure of 

500 psig at -320 to +100°F., protected by a 550 psig rupture 

disk and 550 psig relief valve connected in series. 

Instruments are provided to indicate temperature, pres

sure, and liquid level. A audio-visual alarm is activated 

by temperature in excess of -35°C. , which should occur after 

about 20 days; this allows over ten days before reaching 0 ° C , 

still well below the point where pressure relief will occur. 

In keeping with end use requirements of NASA, the liquid 

unloading rate was designed for a minimum of 0.2 pound per 

second with 100 psi pressure differential. Actual unloading 

rate of 0.2 pound per second was obtained with a pressure 

differential of only 20 psi. 

The container is designed for handling by fork lift or 

by crane; gross shipping weight is about 2890 pounds. Enve

lope dimensions are 4'-4" diameter and 6'-6" height. Center 

of gravity is shown on Figure 1 and Figure 2. 
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CALLE&Y CHEMICAL COMPANY _ _ _ _ 

All supports, components, and auxiliaries are designed 

to withstand, without damage or leakage, forces of 8 g verti

cally down and in all horizontal directions, and 4 g verti

cally up. 

Storage time, volumetric loading, and pressure-tempera^ 

ture limitations are discussed in the Performance section 

following. 

CVI Corporation has calculations for strength of the 

Inner vessel support system, and these could be made available 

for review 1f necessary. 
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CALLEKV CHEMICAL COMPANY 

- 8 -

200-POUND DIBORANE SHIPPING CONTAINER 

PERFORMANCE 

Container performance is summarized by Figure 3 and 

Table 1 in this section; complete Information is given in 

the Data Tables Section following. 

Limitation on safe storage or shipment time is 

pressure: 

LIQUID 
TEMP., 

°C 

0 
9.8 
12.2 
12.5 

VAPOR 
PRESSURE, 

psiq 

385 
500 
550 
560 

LIQUID 
FILL 

% 

76 
88 
98 

100 

Complete liquid fill occurs at 12.5°C, whereas maximum 

working pressure of 500 psig is reached near 10°C. For a 

practical limit, Callery has chosen a pressure of 400 psig; 

which, allowing for small partial pressure of non-condens-

ables, is equivalent to about 0°C. This then becomes the 

temperature at which the container should be iced to recooi; 

realizing, however, that is not an absolute limit. 

Secondly, from the product purity standpoint it is de

sirable that the normal maximum temperature be maintained 

about -25 to -35°C, below which decomposition is essentially 

nil. Initially -35°C. had been selected as the normal maximum 
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GALLERY CHEMICAL COMPANY 

- 9 -

operating temperature; that is, the temperature reached by 

a container delivered within the time required by the shipping 

permit. 

Figure 3 and Table 1 show that the dry ice was spent 

in fourteen days, but it was over twenty days before the 

contents reached -35°C. When the test was discontinued 

after 29 days, the pressure was 300 psig and the tempera

ture was -10°C. Extrapolation of temperature rise at the 

same rate shows that 0°C. would not be reached until over 

33 days. All of these data.are based on an ambient tempera

ture of 75°F.; however, ambient temperature occasionally 

rose as high as 92°F. 

The performance achieved with this container is adequate 

for consideration of a 20-day shipping permit, both in terms 

of safety factor to locate and reice a lost shipment and in 

terms of preserving product purity. It should be possible, 

however, to routinely obtain delivery within fifteen days, 

particularly in view of the fact that we currently make all 

shipments within ten days. Use of a fifteen day permit will 

have the effect of expediting delivery more so than a twenty 

day permit. In any case the safe shipping time is well over 

thirty days. 
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- 11 -

Table A-l 

Table 1 

DIBORANE SHIPPING CONTAINER 
30-DAY STORAGE TEST RESULTS 

SMOOTHED DATA-EVEN DAYS 

TIME, 
DAYS 

0 
1 
2 
3 
4 
5 
6-
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

*29 
*30 
*31 
*32 
*33 
*34 

DRY ICE, 
POUNDS 

108.0 
101 . 

93. 
85. 
77. 
68. 
60. 
5 1 . 
43. 
35. 
26. 
18. 
10. 

4. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 
8 
4 
0 
6 
2 
8 
4 
0 
6 
2 
6 
7 

PRESSURE 
PSIG 

18.0 
21.5 
24.2 
26.5 
27.7 
29.0 
30.3 
31.6 
32.9 
34.2 
35.5 
36.8 
38.1 
40.0 
45.7 
59.5 
74.5 
89.5 

104.5 
119.5 
135.5 
151.5 
167.6 
184.6 - x 

U 9 2 . 2 7 2 0 2 ) 
219.8 \.s.y 
238.6 
259.5 
280.5 
301.5 
322.4 
343.4 
364.4 
385.4 
406.3 

TEMP., 
°C 

-79.0 
-76 .0 
-74.2 
-72 .8 
-72 .1 
-71 .4 
-70.7 
-70 .0 
-69.3 
-68.6 
-67.9 
-67.2 
-66.6 
-65.9 
-63.5 
-58 .3 
-53 .0 
-48.6 
-44 .3 
-40.5 
-37.0 
-33.7 
-30.7 
-27.7 
-24.9 
-22.1 
-19 .4 
-16.6 
-13.7 
-10 .8 
- 7.9 
- 5.3 
- 2.8 
- 0.5 
+ 1.6 

•Extrapolation 
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f GALLERY CHEMICAL COMPANY 

- 12 -

200-POUND DIBORANE SHIPPING CONTAINER 

DATA TABLES 

This section contains complete data on the container 

preparation, charging, and storage test; as follows: 

TABLE 2 30-DAY STORAGE TEST RESULTS 
SMOOTHED DATA-LINEAR SEGMENTS 

These results were obtained by plotting dry ice 

weight, container pressure, and container temperature 

data from Table 4; and fitting a series of straight 

lines through each set of data. This then became the 

basis for the even-day data given In Table 1. 

TABLE 3 PRECOOLING for 
30-DAY STORAGE TEST 

Prior to charging dlborane, the container was 

precooled by charging liquid nitrogen into the inner 

tank. About one week was allowed for cooling to be

low -80°C, and the excess liquid nitrogen was removed 

prior to charging with diborane. 
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GALLERY CHEMICAL COMPANY 
- 13 -

TABLE 4 DIBORANE CHARGE for 
30-DAY STORAGE TEST 

Diborane was charged in two steps, separated by 

a topping operation to remove non-condensables (nitrogen 

initially present and a small quantity of inerts fed with 

the diborane). The initial charge of 203.5 pounds was 

accomplished in about four hours using an external con

denser, designed and operated to add the liquid diborane 

at about -75°C. After topping to a net weight of 197 

pounds, the second charge was made; and after retopping, 

the final diborane net weight was 201.5 pounds. 

TABLE 5 30-DAY STORAGE TEST 
COMPLETE DATA 

Upon completion of the diborane charge, 108 pounds 

of dry ice was added; and the container was sealed for 

thermal testing. Ambient temperature was maintained at 

about 75°F.; however, with no cooling capability, this 

temperature occasionally ranged as high as 92°F. This 

phase of the test was discontinued after 29 days by add

ing dry ice to begin recooling, as sufficient data were 

available for reliable extrapolation to 0°C. 

TABLE 6 POST-TEST REC00L 

Data records were continued during the recooling 

period to demonstrate that continued low-temperature 

storage is possible and practical. Temperatures below 

-70°C. were achieved. 

Page A-19 



- 14 -

Table A-2 

Table 2 

DIBORANE SHIPPING CONTAINER 
30-DAY STORAGE TEST RESULTS 

SMOOTHED DATA-LINEAR SEGMENTS 

TIME 
DAYS 

0.00 
0.01 
0.10 
0.21 
1.65 
2.65 

11.29 
11.64 
12.29 
12.68 
13.10 
13.64 
13.67 
13.88 
14.02 
14.30 
15.10 
15.81 
16.66 
17.86 
18.29 
19.03 
19.10 
19.66 
20.66 
21.87 
21.89 
22.34 
23.22 

JZ4~4$ 
25.64 
26.64 
26:3£ 
28.93 
28.94 
29.72 
29.98 

"DRY ICE 
LBS 

108.0 
-
-
-

96.75 
-

15.75 
-
8.5 
-
-
-
-
0 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0 

65.5 
22.5 
13.5 

PRES. 
PSIG 

18 
-
19 
-
-
26 
-
-
-
39 
-
-
42 
-
-
49 
-
-
-
-
-

120 
-
-
-
-
-

173 
-
-

231 
-
-

300 
290 
140 
125 

TEMP 
ACTUAL 

-79.0 
-
-

-77.5 
-

-73 .0 
-
-
-
-

-65 .8 
-

-65 .0 
-
-

-62 .1 
-

-53 .8 
-
-

-43 .0 
-
-
-

-34 .7 
-
-
-

-27 .0 
-
-

-17 .6 
-

-11 .0 
-12 .3 
-36 .0 
-39 .2 

°C. 
INDIC. 

-85.5 
-82 

-
-
-
-
-

-77.5 
-
-
-

-71 
-

-68 
-61 
-54 
-47 

-
-41 
-38.5 

-
-

-32 
-30 

-
-26 
-21.5 

-
-

-18 
-
-

-10 
- 9 
-10 
-33 
-39 

REMARKS 

S t a r t 

Al arm 

Slosh 

Dry Ice Added 

Page A-20 
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TABLE A-3 PAGE 2 OF 2 
TABLE 3 PAGE 2 OF 2 

DIBORANE SHIPPING CONTAINER - PRECOOLING 

CU 
(Q 
CD 

> 
t 
ro 
ro 

TIME 

1320 
0830 
0905 
1545 
2200 
0810 
1115 
1345 
1620 
2000 
0805 

DATE 

4 / 1 8 / 7 1 
4 / 1 9 / 7 1 
4 / 1 9 / 7 1 
4 / 1 9 / 7 1 
4 / 1 9 / 7 1 
4 / 2 0 / 7 1 
4 / 2 0 / 7 1 
4 / 2 0 / 7 1 
4 / 2 0 / 7 1 
4 / 2 0 / 7 1 
4 / 2 1 / 7 1 

TI 
°C 

-103 
-103 
-102 
-102 
-103 
-102 
-103 
-102 
-102 
-102 
-100 

CONTAINER 
PI 

PSIG 

39 
38 
40 
38 
38 
40 
75 

205 
5 
5 
5 

VACUUM 
MICRONS 

1.1 
0.4 
0.5 
2.1 
1.0 
0.2 
2.8 
1.7 
2.0 
1.7 
0.5 

AMBIENT 
TEMP. 

°F. 

70 
61 
63 
79 
65 
57 
70 
73 
78 
71 
60 

SCALE 
READING 

LBS. 

2754 
2732 
2731 
2723 
2716 
2705 
2704 

-
2588.5 
2588 
2588 

LN2 
WEIGHT 

LBS. 

171.5 
149.5 
148.5 
140.5 
133.5 
122.5 
121 .5 

-
-
-
-

REMARKS 

Leak Tes 
Removed 

i t i n g 
LN2 

<T> 

I 



TABLE A-4 PAGE 1 OF 5 
TABLE 4 PAGE 1 OF 5 

DIBORANE SHIPPING CONTAINER 
DIBORANE CHARGE FOR 30-DAY STORAGE TEST 

TIME 

0805 
0905 
1000 
1105 
1129 
1132 
1144 
1146 
1147 
1148 
1150 
1151 
1153 
1156 
1157 
1157.5 
1159 
1200 
1233 
1241 
1242 
1243 
1243.5 
1244 
1245 
1246 
1248 
1249 
1250 
1251 
1253 
1255 
1257.5 

*V I 

DATE 

4 / 2 1 / 7 1 
4 / 2 1 / 7 1 
4 / 2 1 / 7 1 
4 / 2 1 / 7 1 
4 / 2 1 / 7 1 
4 / 2 1 / 7 1 
4 / 2 1 / 7 1 
4 / 2 1 / 7 1 
4 / 2 1 / 7 1 
4 / 2 1 / 7 1 
4 / 2 1 / 7 1 
4 / 2 1 / 7 1 
4 / 2 1 / 7 1 
4 / 2 1 / 7 1 
4 / 2 1 / 7 1 
4 / 2 1 / 7 1 
4 / 2 1 / 7 1 
4 / 2 1 / 7 1 
4 / 2 1 / 7 1 
4/21/71 
4/21/71 
4/21/71 
4/21/71 
4/21/71 
4/21/71 
4/21/71 
4/21/71 
4/21/71 
4/21/71 
4/21/71 
4/21/71 
4/21/71 
4/21/71 
= Volt< 

I I 
°C 

-100 
-
-
-98 
-
-98 
-
-
-98 
- ;; 

-
-
-
-
-98 
-98 
-98 
-97 
- • 

-
-
- . 
-
-
-
-97 
-
-
-
-
-
-

CONTAINER 
PI 

PSIG 

5 
-
-
0 
0 
0 
0 

10 
10 .5 
10 .5 
10.5 
11 
11 
11 
11 
12 
13 

-
-

14 
-

14 
-

14 
16 

J 

19 
-
-

20 
20 

-
-

ige I n d i c a t o r ; 

V I * 
%_ 

-
-
-
-
80 
-
-
-
-
-
-
-
-
-
-
80 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

LI 

LI 
%_ 

0 
-
-
-
-
0 
-
-
-
-
-
-
-
-
-
-
7 
-
-
-
-
-
-
-
-
«• 

15 
-
-
-
-
-
-

= 

* VAC 

0.5 
-
- • 

0.6 
•* 

0.4 
-
-
-
-

-
-
«» 

«» 
-

•• 
-

• — 
0.4 

-
-
-
«* 
-
-
-
-
-
-
-

Level 

COND 
INLET 
PSIG 

«* 
-
-

no -
110 

-
-

101 
«* 
96 
82 
84 
84 
90 
-

126 
122 

-
« 
-
w 

•a * 

-
-

104 
-
-
-
-

AMB 
TEMP 

°F 

60 
- • 

-
61 
-
59 
-
-
"•* 

-
-
-
-
-
-
-
-
57 
-
-
«» 
«* 
- • 
-
«• 

M 

-
-
-
-
-
-

SCALE 
READING 

LBS 

—. 

2580 
2600 
2617 

-
2617 
2617 
2618 
2620 
2622 
2624 
2625 
2625 
2627 
2628 
2630 
2633 
2634 
2635 
2635 
2636 
2638 
2639 
2641 
2642 
2644 
2646 
2648 
2649 
2650.5 
2652.5 
2653 
2655 

Indicator £Foqtn,ote a 

B?H6 

WEIGHT 
LBS 

-
-
-
-
-
0 
1 
3 
5 
7 
8 
8 

10 
11 
13 
16 
17 
18 
18 
19 
21 
22 
24 
25 
27 
29 
31 
32 
33 .5 
35 
36 
38 

CHARGE 
TIME 
Miff. 

4 . 

-
-
-
-
0 
2 
3 
4 
6 
7 
9 

12 
13 
13 .5 
15 
16 

-
16 
17 
18 ' 
18 .5 
19 
20 
21 
23 
24 
25 
26 
28 
30 
32 .5 

REMARKS 

Gas sample 1 
Tare disconnected 
Tare connected 
Dry i c e added 
Open to cond. 
— 
Started charge 

Dip tube plug 
Tube opened 

Closed B? feed 
b 

Opened B2 feed 

Reduced feed rate 

Reduced feed rate 

dded October 1972] 
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TABLE A-4 PAGE 4 OF 5 

DIBORAME SHIPPING CONTAINER 
DIBORAME CHARGE FOR 30-DAY STORAGE TEST 

CO 

to 

I 
rs> 
en 

TIME 

1620 
1624 
1627 
1632 
1636 
1643 
1646 
1650 
1920 
2340 
0825 
0835 
1115 
1200 
1242 
1310 
1330 
1345 
1350 
1400 
1403 
1405 
1406 
1407 
1408 
1409 
1410 
1411 
1411.5 
1412 
1415 
1525 

•Actual 

DATE 

4 / 2 1 / 7 
4 / 2 1 / 7 ' 
4 / 2 1 / 7 ' 
4 / 2 1 / 7 ' 
4 / 2 1 / 7 ' 
4 / 2 1 / 7 ' 
4 / 2 1 / 7 ' 
4 / 2 1 / 7 ' 
4 / 2 1 / 7 ' 
4 / 2 1 / 7 ' 
4 / 2 2 / 7 
4 / 2 2 / 7 ' 
4 /22/71 
4 /22/71 
4 / 2 2 / 7 ' 
4 / 2 2 / 7 1 

4 / 2 2 / 7 ' 
4 /22/71 
4 /22/71 
4 /22 /7" 
4 /22/71 
4 /22/71 
4 /22/71 
4 /22 /71 
4 /22 /71 
4 /22 /71 
4 /22 /71 
4 /22 /71 
4 /22 /71 
4 /22 /71 
4 /22 /71 
4 /22 /71 

B2H5 v/ei 

TI 
°C 

1 - 9 0 / 5 
- 9 0 . 5 

1 -90 
1 -90 
1 -90 
1 -90 
1 -90 
1 -90 
1 - 8 9 . 5 
1 -89 
1 -87 
I 

-86 
-86 
-

1 -86 
-

1 -86 
1 -86 

-
-86 
-
-
-
-
-
-
-
-
-
-
-86 

ght 203.5 

PI 
PSIG 

50 
50 
50 
50 
50 
50 
51 
51 
55 
55 
58 
-
29 
26 
22 
22 
20 
19 
18 
-
18 
19 
20 
-
20 
20' 
-
21 
21 
-
-
18 

due to 

VI 
0/ 

-
-
-
-
-
79 

. -
78 
78 
78 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

2.0 

LI 
01 

65 
-
-
-
65 
-
-
65 
65 
65 
65 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

lbs 

VAC 
- > « - ^ -

-
-
-

0.2 
-
-

0.2 
0.1 
0 
0 

-
0.3 
0 .3 

-
0.3 

-
-
-
-
-
-
-
-
-
-

0.3 
-
-
-

0.2 
0 .3 

. dry 

COND 
INLET 
PSIG 

62 
63 
63 
62 
62 
60 
60 
58 
-
-
-
-
-
-
-
-
-
-
-
-
-

105 
-
-
-
-
90 
-
-
-

110 
-

ice 1 

A MB 
TEMP 

°F 

-
59 
-
58 
57 
-..'.'•:• 
57 

•SV<'": 
48 
50 

49 
49 
- • • ' • 

49 
- r'.-. 

55 
- . / • 

-:. 
-"• 
-. 

• -

49 
- ' . . . -
- , ' • • . i 

50 
51 

SCALE 
READING 

LBS 

2813.5 
2815 
2816 
2816.5 
2817 
2818 
2818 
2818.5 
2818 
281 7 
2815 
2803.5 
2809.5 
2808 
2811 
2807 
2806.5 
2805.5 
2805.5 
2796.5 
2805 
2805.5 
2806 
2806 
2807 
2808 
2809 
2810 
2810.5 
2811 
2803 
2810.75 

oss during char 

B2H6 
WEIGHT 

LBS 

196.5 
198 
199 
199.5 
200 
201 
201 
201 .5* 

' V " : - ' / ' . ; • " ' • ' 

- • . " • ' " 

-' 
2 0 3 . 5 * 
-
-
-
-

' • • - ; ' . 
• -

- ' 
196.5 
197 
197.5 
198 
198 
199 
200 
201 
202 
202.5 
203 
203.0 
203.0 

ging. 

CHARGE 
TIME 
MIN. 

234 
238 
241 
246 
250 
257 
260 
264 
- ; 

-
. -
-
-
-

. -
-
-
-
- • 
264 
266 
267 
268 
269 
270 
271 
272 
272.5 
273 

-

REMARKS 

Closed B2 feed . 
• 

Weight w/6 dry ice 
S ta r ted topping 00845 
Stopped topping 
Star ted topping 

Gas Sample 2 
Finished topping 
Weight w/o dry ice 

•{Weight w i th dry 1ce 
U p s t a r t e d B2 feed 

Increased feed rate 

["stopped feeding 
-{Weight w i th dry ice 

weight w/o dry i ce 
Weight wi th dry ice 



TABfiBL
An m i 8? i 

DIBORAHE SHIPPING CONTAINER 
DIBORANE CHARGE FOR 30-DAY STORAGE TEST 

IV 

> 
I 
rsj 

TIME 

1540 
1545 
1555 
1600 
1601 
1615 
1617 
1645 

DATE 

4/22/71 
4/22/71 
4/22/71 
4/22/71 
4/22/71 
4 /22/71 
4/22/71 
4/22/71 

TI 
°C 

PI 
PSIG % 

VI LI 
of 
la 

VAC 
COND 
INLET 
PSIG 

•86 19 
86 18 

•86.5 18 

78 66 
- 0.3 

78 65 0.3 

AMB 
TEMP 

°F 

52 

53 

-85.5 18 78 0 0.3 54 

SCALE 
READING 

LBS 

2810. 
2810 
2810 
2809. 
2801. 
2781. 
2783 
2891 

B2"6 
IGHT WE 

LBS 

203.5 

201.5 
201.5 

CHARGE 
TIME 
MIN. 

REMARKS 

S t a r t topp ing 

[Gas Sample 3 
- { f i n i shed topp ing 

Weight w/o dry ice 
Disconnected 
PSV Connected 

/Dry ice charged 
(start of test 

NOTE: In the original publication to DOT, this page of this table had 
incorrectly been labeled "TABLE 5". Correction made October 1972. 

i 



C
O

 
2*£ 
C

C
 

<c 
s: 

i/» 
0) 

4-> 

«
f-

o 
4-> 
J-«t> 

C
O

 

o 

U
J 

•
* 

< o
_ 

in 

i 
—

i 

«?3 

< :—
 

H
- 

C
O

 
2

: 
U

J 

o
 

H
-

C
J U

J 
C

3 CJJ 
Z

T
 

< 
•-• 

a
; 

a. 
o 

a. J-
>—« c

o 
co >

-

U
J 

Q
 

Z
 

l 
< 

o 
oc co 
o co 

>- U
J co 

or o 
co 

Q
 

•-• 
_

l 

C
3 

U
J z: 

_
J 

»-i C
O

 
<

Q
C

f
l 

U
<

_
l 

C
O

 
U

J 

a
. 

C
Q

S
:

U
. 

co 

5 S 
o 

o 

o
 o
 

I 
i< 

fr* 

C
9 

a. co 
a. 

»-. 
o

 
l—

o
 

in 
in 
C

M
 

ID
 

in 
in in 

C
M

 
in 

in
 

CM
 

in in 
in 

in 
r->. 

in 
in 

r» r̂
 o

 
o

 
o

 
o

 
o

 
0

0 
0

0 
I*-

o
o

o
 

r^ 
V

O
 *3

-

o
o

o
 

t
C

M
r

-
O

 
O

 
O

 
O

 
O

 

in 
o

o
r

^
. 

in 
O

C
M

 
C

D
 

•n 
o 

o 
in r^

 c
o

m
 

in 
in co en r^

 
cr> oo oo 

in 
CM

 o
 

o
 co o

 
o

c
o

 
oo co

 cor>» 

in 
o 

m
 CM in T

tcv
ir- cn ch co rs (o n 

<n r- cr» 
N

N
h

<
U

>
l

0
U

)
U

>
k

O
U

>
l

O
l

O
m

 

C
M

 

en 

in 
in 

in in 
r

^
o

m
r

^
o

^
f

^
-

o
o

o
o

o 
<—

 i—
 

o 
en en cr< 
CO oo oo 
C

M
 C

M
 C

M
 

*fC
7

> 
i 

r>» vo
 O

W
N

 
cr> c

o o
o 

0
0 

C
O

C
O

 
C

M
 C

M
 C

M
 r>- in **• c

o 
C
O
 
0
0
 0
0
 
0
0
 

0
0
 
C
O
 0
0
 
C
O
 

C
M
 
C
M
 C
M
 
C
M
 f
—
 
e
n
 

co r^ 
coco 
CM
 C
M
 VO

 C
M
 
O
 

r^ r»» r»» 
0
0
 0
0
 
0
0
 

C
M
 C
M
 
C
M
 vo co coi— 
vo vo vo vo 
0
0
 
C
O
 
C
O
C
O
 

C
M
 
C
M
 
C
M
 C
M
 

c
o

r—
 

M
r

- 
c

M
v

o
r

^
o

o
«

a
-

C
M

c
o

«
*

r
^

.C
M

C
O

C
M

 t>. 
Ifl «

t 
C

M
 C

M
 r

- 
O

 
CT> V

O
 V

O
 «sf C

M
 

in
in

in
in

in
in

in
*

*
'^

-^
-^

*
"

' 1^
" 

co
o

o
co

o
o

o
o

co
co

o
o

o
o

co
co

co 
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
 

«sj-«3-cocM
vocor*»m

cM
**-r"

*in 

s-a> 
.a 
o 
+> 
u 

O
 

7
3 

CD 
•

a 
-o 
<a 

0) 

o c •»-> 
o o 

u
. 

c
o

w
sr 

O
O

t
—

 

co oo 
o

 
•—

 f—
 C

M
 o

o
i

-
n

 
C

M
 C

M
 C

M
 C

M
 **• C

O
 

C
M

 C
M

 C
O

 C
O

 V
O

 

C
M

 C
M

 C
M

 r^
 in r^r>» 

C
M

 C
M

 C
M

 C
M

 c
n

c
o

c
f

l
O

o
a

i
i

-
f

O
O

N
C

O
* 

C
M

C
M

C
M

C
O

C
O

C
M

C
O

C
O

C
O

C
O

C
O

C
O

 

O
 

I 
I 

0
0 

r»» 
i 

i 

I
O

I 
I

O
I

O
O

O
O

O
O

O
O

I 

I 
I 

0
0 

C
M

 C
M

 

coco 

in in in in 
oo co en en en 

o 
l

-
r

-
f

-
i

-
r

-
C

M
 

in 

O
 

r—
 

i—
 C

M
 

C
M

 C
M

 C
M

 C
M

 CO 
C

O
 

CM
 C

M
 C

M
 C

M
 C

M
 

C
O

 C
O

 C
O

 

"5J- 
V

O
 V

O
 

C
M

 C
M

 C
M

 CM
 

i—
 C

M
 

CO 
C

O
 0

0 
I 

in
m

 
in

m
in

in
m

in
in 

o 
o 

vo vo 
i 

v
o

v
o

v
o

v
o

v
o

v
o

v
o 

C
M
C
M
C
M
C
M
 

r
—
r
—
 
I
—
 
r
—
 
«
—
 
t
—
 
r
—
 

C
O
 C
O
 
C
O
 
C
O
 
I
 
C
O
 
C
O
 
0
0
 C
O
 
C
O
 
C
O
 
C
O
 

i
.
 

o
 

+
J
 

CJ
 

c
 

CD
 

>
 

CD
 

i
n
 
i
n
 

•
 
•
 

r»> r>. r»»c0 
C
M
 
C
M
 
C
M
 C
M
 

in in in 
i
n
 

•
 
•
 
•
 

•
 

c
o

m
o

i
o

i
m

a
i

m
m

o
o

o
r

-
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

O
C

O
C

O
C

O
 

in in in in 
• •< 

• 
•

•
•

•
$

•
• 

i
n

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

f
—

i
—

i
—

r
—

t
—

O
O

O
O

O
O

O
 

O
 

C
0

C
0

C
O

C
O

C
O

C
O

C
0

C
0

C
0

C
O

C
0

C
0

C
0

C
0

C
0

C
0

C
0

C
0

C
0

C
O

C
0

0
0

0
0

(tt0
0

C
O

C
0

C
0

C
O

C
0

C
0 

4-> 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

• 
I 

I 
I 

I 
I 

I 
I 

(O
 

o
 

C
O

 
>-<c 
a 

o 
•—

 O
r

-o
'tio

n
o

o
fO

tn
io

iflU
J

O
in

N
'tC

ft^
v

o
in

r
s

O
i- 

o 
«3- r*« co r—

 
c 

O
O

r
-

C
v

l
f

O
v

O
l

O
C

f
t

O
r

- 
C

0
V

O
O

V
0

0
0

C
0

V
0

V
O

C
y

>
C

M
V

O
V

O
C

0
C

r
»

O
^

-C
0

V
O

V
0

0
"

>
r

—
 

i—
i 

O
O

O
O

O
O

O
O

r
-

t
—

 
f
—
•
—
C
M 

C
M C

M co co co co «*• ̂
r «* *

*
 «* in in i

n
 i
n
 in i

n
 v
o
 cu

 
C

D
 

o 

"
^ ""-* -">» ^

. 
^s. 

^ 
*»* «v» "

^ -v^
 -

^ ^
. 

>v» "«^ «
v

. \ 
^ 

^ 
-v» ^ 

^ 
>

s» ->
^ «>> -

^ ^
. 

-
^ -

^ 
-

^ 
^

. 
v

^
 

C
M

C
M

C
M

C
M

C
M

C
o

co
co

co
co

^
r^

-«
*

in
in

in
v

o
v

o
v

o
v

o
r>

r^
r^

i^
i*

.t>
v

i>
»

co
co

co
co 

u 
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
 

U
J 

i
n

o
i

n
i

n
o

c
D

O
i

n
i

n
i

n
i

n
i

n
i

n
i

n
o

o
i

n
i

n
i

n
i

n
o

o
i

n
o

i
n

o
o

o
i

r
.o

o 
«

t
O

f
-

<
J

O
'

-
^

-
0

«
,

r
-

<
l

,
i

-
U

)
i

-
(

O
O

r
-

<
t

C
M

T
r

i
-

*
0 

0
'

t
<

,)
O

r
-

'
<

l 
O

C
O

 

v
o

r>
o

>
r-^

•co
co

in
v

o
cM

O
co

tN
co

ro
ti-co

co
in

M
C

O
co

to
v

o
v

o
cn

'a
-co

a 
in

cn 
r—

 r—
 t—

 N
N

O
O

r
r

- 
r—

 
O

O
r

—
 

0
»

—
 

C
M

O
O

"
- 

N
O

O
r

- 
r—

 r—
 r—

 
C

M
O

O
r

-
r

—
 

P
age 

A
-2

8 



>
- 

L
U

 </>
 

Q
 

»
-• _

| 

in 
in

 in
 

in
 

in
 

in
 in

 
m

' 
in

 in
 

in
in

in 
h

>
m

r
s

N
U

)
O

O
N

U
)

N
 

O
M

^
O

O
O

I
^

O
^

N
O

O
I

O
M

C
V

I
N

O
O

 
IV. «i- «ei- O

J CM
 CM

 •—
 o

>
v

o
io 

ri- co
 CVJ r—

 oo. in
 cr> o

o
 in

 «ef- r—
 r—

 c
o

o
O

M
n

n
n 

in
in

in
m

in
m

in
*

3
-*

j-*
a

-. 
«a-«3-*j-T

*-cnfco'e\j<
\jc\jcsjc\ic\Ji—

»—
 

t—
 r—

 #—
 r—

 

U
J 2

: 
_

l 
I-I C

O
 

o
 

<
 

_
i 

C
O

 L
U

 

in 
in

 in
 

in
 

in
 

I
M

f
)

N
M

f
t

O
O

N
U

)
N

 
in 

in
 

in 
in

 in
 

in
 in

 in
 

N
O

N
N

O
O

l
O

N
N

r
s

O
O

 
of"

^
r-»in

in
in

«3-c\Jcr>
C

T
» 

r>» m
 m

 ** r—
 ooevir—

 o
O

N
^

^
t

r
-

r
- 

o
o

o
^

o
v

o 
•

t
r

t
P

l
D

O
M

o
n

W
C

O
 

N
N

N
W

W
r

-
r

-
r

-
O

O
O

O
O

O
O

O
i

m
c

n
 

o
o

o
o

o
o

c
o

o
o

c
o

o
o

o
o

c
o

o
o 

c
o

o
o

c
o

c
o

c
o

c
o

c
o

o
o

c
o

c
o

c
o

o
o

c
o

o
o

c
o

f»
»

r
^

r
^ 

C
V

IC
V

K
M

C
M

C
V

JC
M

C
V

JC
JC

S
JO

J 
C

\IC
\J

C
V

J
C

\IC
\|C

\IC
\IC

\J
C

\J
C

N
J

C
\J

C
\J

C
\J

C
\J

C
\J

C
\J

C
\J

C
V

I 

i
n
 i
n
 

ii
 

0
^

-0
 

CM
 C
M
 

L
U
 

c
C
C
J
 

cZ«i
 

a
.
 

irjin
 

c
C
U
J
 

_
 )
 

U
J
C
Q
 

c
o
i
-

»—
 

^
 

•
—
•
 

<
C
I
-

«
-
 0
0
 

2
:
 U
J
 

0
 
1
—
 

0
 
U
i
 

0
 

0
 

2
=
 
<
 

•—< C
C

 
a
.
 
O
 

Q
u
 H
-

•-•
 C
O
 

C
O
 >
-

U
J 
0
 

<c
 0
 

a:
 m
 

0
 
0
0
 

a
. 

2
: u

i o 
< 

I-

co
 

3 
O

 
=

j a
: 

_> 
o

 

^
•lo

in
io

o
o

o
o

-in
in

^
r

in 
c\ir^

«
a

-c>
v

o
*

i-in
'3

"
0

o
«

tf'in
i*

s>
.o

o
in

in
io

r—
 

in
 

o
 

o
 

CZJ 

p
. </> 

a
. 

-« 
o

 
o

 

><i-m
 i>» tv

 in
 0

0
 f». r>-co en

 
c

o
o

o
o

o
o

o
c

n
o

o
c

n
o

o
c

v
j

O
t

—
o

o
n

c
n

c
s

j 

r
o

r
o

c
o

c
o

c
o

c
o

c
o

n
m

r
o 

co
^

-ro
ro

^
i-co

»
a

-«
*

co
^

-^
j-r*

»
3

-«
3

-co
co

co
K

j-

in
in 

in
in 

tn
in

in
in

in
in

in
in

in
in

in 
in

in
tn

in
in 

J
M

| 
lO

lO
O

O
lO

O
O

lO
lO

llO
lO

lO
V

O
lO

V
O

lO
lO

lO
lO

lO
I

C
O

lO
lO

V
O

lO
 

r
-

i
-

r
-

<
M

 
C

M
 C

\J
 CVJ r—

 r—
 

t—
 r—

 t—
 r—

 r—
 t—

 t—
 «—

 »—
 •—

 r—
 

r—
 1—

1—
1—

 r—
 

Jr*| 
0

0
 0

0
 0

0
 0

0
 

I 
C

O
 0

O
 0

0
 0

0
 0

0
 

IC
O

O
O

O
O

C
O

O
O

O
O

O
O

O
O

O
O

O
O

C
O

 
I 

C
X) CO

 CO
 C

O
 C

O
 

in 
in

 
• 

• 
«—

 r—
 r—

 r- •—
 cvjcvjcM

C
M

co 
W

M
c

i
n

f
t

m
i

f
l

m
m

i
n

v
o

i
o

u
j

v
o

v
o

f
M

^ 
c

o
c

o
r

o
c

o
c

o
c

o
r

o
c

o
c

o
r

o 
c

o
r

o
c

o
c

o
c

o
o

o
r

o
c

o
c

o
c

o
c

o
o

o
r

o
c

o
c

o
c

o
c

o
c

o 

in 
in

 in
 

in
 in

 in
 in

 in
 

o
o

o
o

o
o

>
o

>
o

>
o

>
c

f
i 

crv
cr>

cr>
o

>
o

o
o

o
o

o
co

co
o

o
o

o
o

o
co

r^
r^

r^
.r>

*
r-. 

c
o

»
c

o
r

N
C

O
M

v
M

>
s

t>
.f^

h
.ts

.N
r

s
r

s
r

s
r

N
h

.r
«

.N
N

M
s

.|v
»

K
N

r
v 

1 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
• 

• 
1

 
1

 
1

 
1

 
1

 
1

 
1
 

1
 

1
 1

 

co
 

>
-

<c
 

a
 

0
^

<
3

-
N

lO
M

C
O

O
O

"
t

V
O

M
N

O
O

)
C

O
>

s
l-

in
iO

O
C

n
«

*
,l>

>
y

j
O

r
-

0
<

»
'0

0 
C

M
V

D
I

O
O

a
c

n
c

r
it-fn

iO
V

O
C

flC
r

ir
-C

V
U

O
O

I
O

e
O

r
-N

I
O

V
O

C
ftO

f-W
lO

U
) 

IO
IO

IO
 

IO
IO

U
J

I 
O

O
C

O
O

O
m

O
l

O
l

O
O

O
O

O
i 

a 
C

JC
M

C
sJC

V
JC

V
JC

vlC
V

IC
sJC

O
fO

C
O

rO
fO

d
r—

 r—
 C

M
C

M
C

V
JC

V
JC

O
C

O
C

O
C

O
C

O
rO

"*^
*' 

tt«
9

,*
>

itv
i

,<
!»

'«
a

,<
*

"
t»

t<
i-»

tu
>

in
in

u
,)in

in
in

in
in

in
in

in
in

u
>

 

t
n

o
i

n
o

o
i

n
i

n
o

o
o

i
n

o
i

n
i

n
o

i
n

o
i

n
i

n
i

n
o

i
n

o
i

n
c

D
i

n
o 

o
 

r
o

o
o

c
o

c
o

in
io

c
n

c
o

o
o

c
o

in
io

c
n

r
o

o
ir

v
o

o
r

o
c

n
c

o
o

o
o

o
in

c
o

c
n

r
o

o
o

c
n

 
N

O
O

r
-

r
- 

r—
 r—

 C
M

 O
 

O
 

r
- 

r—
 r—

 C
\J O

 
r—

 O
r

—
 1—

 C
M

 O
 

O
 

r
- 

r—
 t—

 W
O

O
 

P
age A

-2
9

 



>
- 

L
L

I C
O

 
O

C
 O

 
C

O
 

Q
 

r-l 
_

J 

in 
w

o
o

i
A

o
o

u
i

o
N

O
O

 
in in 

in 
in in 

in 
in 

in 
cM

cs»in
r"

»in
r^

r^
in

in
r>

.in
in

in
cM

in
in

r>
»in 

r
-

r
-

O
C

O
l

O
i

n
^

r
«

t
J

-
O

f
O

C
M

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

.
O

O
O

 
r

-r
—

t—
 

I 
I 

I 
I 

I 
I 

I 
I 

I 
•

• 

C
3 

L
U r: 

_l»-< CO
 

<
Q

f
f

l 
in

 
U

J 

a: 

in 
in 

in o 
o

in 
o

r*
. 

in in 
in 

m
m

 
in 

in 
in 

cvjcM
in

cM
in

cvjcM
in

m
csJin

in
in

r^
m

m
cM

in 
**- <3- rO

r—
 

C
fv

O
O

r^
r^

v
O

lO
in

fO
C

O
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
e

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
 

o
^

o
ta

tcn
o

o
o

o
o

o
o

o
o

o
o

o
co

o
o

co
o

o
o

o
o

o
co

o
o

o
o

co
o

o
o

o
o

o
o

o
o

o
o

o
o

o
co

o
o

co 
cvjcvjc>jc\ic\i<M

csic\it\ic>JcsicjeN
icvicsicvicN

ica<\ievievjc\j<vie\jevicvicvicvjcvicvj 

• a. 
ca s: LI_ 

r
o

c
M

C
O

in
c

M
^

r
o

o
m

m
o

o
in

io
o

o
^

-c
v

jin
m

m
^

'in
io

c
o

o
io

u
x

-m
st-o

o
o

o 

co
 

s 
=*: 

=
3 

O
 

=
3 O

C
 

<_) 
O

 
<c 

•-• 

CM
 O

 
CM

 CO
 CM

 "ST
 r- CO

 00 CO
 CO

 O
t O

 r—
 O

t r—
 r

-U
)U

>
f«

ir
-(M

N
«

)fO
«

)N
0

0
N

M
 

**-«*-«ei-"
5i-«*-^

*-in
«a-^

*-^
-«ef^

-m
in

*fin
in

in
in

in
\ou

)voiovoiovoior^
co 

in 
in 

• 
• 

I
in

 
in

m
u

)\o
N

 
r» r»» r-. r>. r*. r>» 

co
 en

 a> r—
r—

r-* 
CM

 CM
r—

 r—
 o

 
o

 
r—

 CM
 

i-i 
•—

 
r

-
r

-
i

—
i

—
O

 
r

-
r

-
r

-
r

-
r

-
O

 
<—

 r- 
•—

 r- 
r- 

r- 
i

—
r

-
t

—
r

-
r

-
r

-
r

—
r

-
>

*
«

| 
0

0 
I 

C
O

C
O

 C
O

 C
O

C
O

 
I 

C
O

 C
O

C
O

 C
O

 C
O

 C
O

 
I 

C
O

 C
O

 C
O

 C
O

 C
O

C
O

 
I 

C
O

C
O

C
O

C
O

C
O

C
O

0
0

C
O

 

O
 

a. co 
a. 

in 
in 

("». O
O

N
C

O
W

C
T

i
C

l
O

O
O

r
- 

C
M

C
M

C
O

rO
lo

r*»
c

n
C

M
C

O
O

O
O

V
O

r-fO
C

M
^

|-C
O

 
C

O
O

 

o
 

o
 

in 
in in in 

m
 

in 
in 

in 

N
N

N
V

0
l0

lf
l'J

,in
(

n
r

0
W

r
-

r
-

«
)

l0
r

-
C

0
«

t
r

-
O

(
T

lC
n

0
0

N
v

D
<

t
n

i-
O

O
 

r^
r^

i^
i^

p
^

r^
t^

r>
.i>

»r^
r^

r^
r^

voioin
in

in
in

in
«s-

,«i-«i-'<
d

-N
r«a-'d

-«3-«3-«3-
i 

i 
i 

i 
i 

i 
i 

i 
i 

i 
i 

i 
i 

i 
i 

i 
• 

i 
i 

i 
• 

i 
i 

i 
• 

i 
i 

i 
i 

i 

C
O

 

>-
w

*
o

c
n

>
*

o
o

o
^

r
-

o
c

r
i

«
i

,N
c

o
>

D
N

o
o

*
v

o
i

n
i

n
o

o
o

i
p

-
i

n
i

o
N

^
 

C
flC

T
ir-(\H

O
»

D
fflO

lO
r-W

V
D

U
)C

O
C

T
O

i-fO
U

>
lO

C
O

O
lO

f-(\jO
O

O
lO

O
O

O
 

r-r—
C

M
C

M
C

M
C

\jC
N

J
C

\jco
co

co
ro

<
n

ro
ro

^
f«

^
^

^
^

-^
-«

3
-io

in
in

in
io

io
io

r>
. 

L
U

 
r

-
< a 

'j^
j-'t'i'ifiin

u
itn

in
io

ifn
o

v
o

a
v

D
v

o
v

o
v

o
N

M
N

N
N

r
sr

v
o

o
o

o
c

fv
C

fio
) 

^ 
^ 

^ 
^ 

^ 
^ 

^ 
"*>

. ^
*

*
>

-. ^ 
^ 

^ 
*««.*•«* ̂

 
*"«» *

V
. *"*» ^

» 
*

>
.>

>
*

-•V
. «••«. "

«
^ ^ 

^N
» «

•>
»

-V
. 

\ 

in
in

in
in

m
r

n
in

in
in

in
in

i^
in

in
m

in
in

in
in

L
n

m
in

m
in

in
in

in
in

in
L

n 

o
o

i
n

i
n

o
o

o
t

n
o

i
n

i
n

o
i

n
o

i
n

o
i

n
o

o
o

i
n

o
i

n
i

n
i

n
o

i
n

o
o

i
n 

1
t

(
M

r
-

M
T

-
O

W
(

M
O

r
-

«
f

r
-

i
n

i
f

l
«

t
r

-
r

-
O

r
-

«
t

O
(

,
)

,
*

r
-

<
t

H
-

l
f

l
«

,
)

K
f

s
f 

co
m

cn
co

co
cr>

^
m

i^
cn

ro
o

o
co

co
m

r^
cri*

fro
o

o
o

o
o

m
io

cr»
ro

cM
r"

»
co

co
r^

 
r—

 r—
 'r—

 C
M

O
O

r
—

 
r—

 •—
 r

—
C

V
J

O
O

r
—

 
r—

 r—
 r—

 C
M

 O
 

O
 

r—
 r—

 r—
 r—

 C
M

 r—
 r—

 
O

r
—

r
—

 

P
age 

A
-3

0 



C
O

 

a: 

- 
2
5
 

0
> 

T
J 

C
 

=» 
O

 
C

O
 

E
 

J
-

a: 

>
- U

J co 
o£ o

c
o

 
Q

 
•-• _

J
 

in in
 

in
 

in
 

en
 

in
tN

h
. 

u
)i^

in
in

u
)iA

r
sio

(n
k

n
io

r
<

.in
in

u
)in

in
in

tn
in

ir
. 

m
in

in
m

io 
• 

•
•

i 

o
o
o
 

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
 

I
I

I 
I 

I 
I 

I 
I 

I 
I 

• 
I 

I 
I 

• 
I 

• 
I 

I 
I 

• 
I 

I 
I 

»
 

• 
I 

• 
• 

o
 

_
i 

•-• to
 

<
Q

C
Q

 
<_> <

: 
_

i 
C

O
 

U
J
 

in 
in

 
in

 
C

M
 

C
M

 
in 

in
 in

 
in

 
in

c
M

in
in

in
in

c
M

C
M

in
in

in
c

M
in

in
in

in
in

in
in

in
in

in
in

in
in

in 
C
M
 C
M
 C
M
 

C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 

0
0
 0
0
 0
0
 
I
 0
0
 0
0
 C
O
 0
0
 0
0
 0
0
 0
0
 0
0
 C
O
 C
O
 0
0
 C
O
 0
0
 C
O
 C
O
 C
O
 0
0
 0
0
 C
O
 C
O
 C
O
 C
O
 C
O
 C
O
 C
O
 C
O
 

C
M
 C
M
 C
M
 

C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 

i
n
 
m
 

L
U
 

O
 
u
.
 

UJ
 

C
D
 
u
j
 

Q
-
 
«
*
 

Q
.
 

m
 
^
 

<
Z

. 
u
j
 

_
l
 

U
J
 
C
Q
 

£
 
<
 

3*-

<
 
K-

h
-
 C
O
 

7Z
Z
 
U
J
 

O
 
r
-

o
 
U
J
 

O
 
1
3
 

=
=
<
:
 

>
—

 
C

£
 

Q
.
 
O
 

Q
.
 H
-

•-•
 C
O
 

C
O
 >
•
 

<c 
U
J
 
O
 

zr i
 

<
 
o
 

oi
 co

 
o
 

C
O
 

C
Q
S
U
.
 

s:
 u
i
o
 

C
O
 

=
>
o
 

o
 
o
 

**
 

C
S
 

Q
. CO

 

10 vo
 C
M 

o
 
o
 •

—
C
3 in in CM io o

 r
-
C
M co

 «a-»* »—vo •;*•
 in

 o>
 ̂
-
<
* in

 ̂
r
 C
M in

 c
o
 

isr
so

o 
i 

o
o

c
o

o
o

o
o

M
v

r
s.r

sc
o

c
o

c
o

c
o

c
o

c
o

o
O

N
r

N
isisi^

r
sr

^
N

K
^

r
-

r—
 c

n
in

iflc
o

o
w

N
'-i- 

in
 co vo f—

 
o

in
in

in
in

in
o

cM
o

in
in

cM
C

M
cn

cM
O

O
 

C
0

N
N

N
0

0
0

>
C

f
t

C
f

l
C

f
t

0
>

0
0

0
0

0
l

O
r

-
O

r
-

r
-

r
-

O
O

O
r

-
O

O
O

O
C

f
t

O
C

f
t 

p
—
 
P
— p

—
 

C
M
 

r
—

 r—
 r
—
 P
— r

—
 O
 
P
— r

—
 C
M
 

P
™
 r
—
 l
O
 O
 
O
 
O
 

M
O

O
O

O
O
 

0
0
 O
 
C
M
 O
 
C
M
 
O
 

I
 C
M
 C
M
 C
O
 *3- C

O
 C
O
 

5
»
 %
«
|
 

0
0
 C
O
 C
O
 

i
—
 

p
—
 p
—
 r
—
 r
—
 t
—
 i
—
 r
—
 i
—
 p
—
 

p
—
r
-
 C
O
 i
n
 r
—
 i
n
 C
O
 

C
M
 *3" C

O
 *J-

 «d"
 L
O
 

co
 

i 
c

o
c

o
c

o
c

o
c

o
c

o
c

o
c

o
c

o
 

i 
oo

 co
 vn

 m
 CM

 LO
 f—

 
i 

C
M

 C
M

 CM
-CM

 CM
 C

M
 

f—
 C

O
O

O
C

M
C

M
C

O
U

jC
O

C
T

>
C

M
C

O
rv

.C
O

cr»
C

n
O

O
r- t>

.O
t—

 
C

0
v

0
r

*
.C

0
O

C
0

r
-.C

M
 

C
n

C
r

tO
O

O
O

O
O

O
O

f—
r

-j—
r

—
^

-i—
C

M
C

M
C

M
C

M
fO

C
O

C
O

C
O

C
O

C
O

'a
-r

J
-<

t3
-L

O
 

I—
o 

i
n

i
n

i
n

i
n

i
n 

in
 

in
 

in
 

in
in

in 
o

io
io

io
io

o
c

ftN
N

*
o

v
o

u
)in

ifl<
t'!i

,<
ifr

o
c

)c
v

ir
-o

o
o

o
o

>
m

o
io

io
io

o 
C

O
C

O
C

O
C

O
C

O
C

O
C

O
rO

C
O

rO
C

O
O

C
O

C
O

C
O

C
O

O
O

C
O

fO
C

O
C

O
C

O
C

O
C

O
C

M
C

M
C

M
C

M
C

M
C

M
 

* 
•

•
•

•
•

•
* 

«
• 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

co 
>-<: 
o 

L
o

o
in

in
in

in
i^

O
r—

o
>

«
a

-io
io

io
co

in
cD

co
o

^
j-in

io
in

r^
C

M
C

D
cn

«
d

-L
o

o 
i-fO

U
3

(0
(»

C
flO

>
r-C

M
C

M
V

D
«

)N
C

O
O

lO
lO

O
r-0

«
)IO

O
O

C
ftO

r-C
V

H
O

(flO
 

0
0

0
0

0
0

0
3

0
0

0
0

0
0

0
0

0
0

C
f

t
O

l
O

>
C

f
i

O
l

O
>

f
f

i
O

>
0

0
0

0 
0

>
-

t—
 r—

 
r—

 t—
r—

r—
r—

 
«
—

 «
—

 r—
r—

 
p
—

 .—
 r

- 
r—

 t—
 r

- 
C

M
 C

M
 C

M
 C

M
 C

M
 C

M
 

o 
—

.
^

.
O

O
O

O
O

O
O

O
f

—
r

—
P

—
r

—
r

—
p

—
r

—
P

—
r

—
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
0

0
C

O
C

O
 

C
T

>
C

r>
t—

 
•—

 p
—

 r
- 

f—
 t—

 r—
 

P
—

 i—
 r—

 
i—

 t—
 i—

 
l—

 r—
 r—

 
r

- 
p—

 r—
 
r

-
r

—
 

p
—

 p
—

 r
- 

i—
 r—

 r—
 

r—
 

L
n

L
n

in
in

L
n

in
in

tn
tn

in
L

n
in

in
in

in
in

in
in

in
in

L
o

in
in

in
in

in
in

in
in

in
 

o
o

m
o

o
o

o
i

n
i

n
i

n
o

o
i

n
o

o
i

n
i

n
i

n
i

n
o

i
n

o
i

n
o

i
n

m
i

n
o

m
m

 
C

O
O

r
—

C
M

C
M

L
O

O
r

—
^

r
>

«
3

-
p

—
V

f 
O

 
C

M
 O

 
C

O
 «

3
" C

M
 P

—
 0

>
—

 C
O

r—
 

O
 

P
—

 P
—

 «
* 

P
—

 C
O

 «
5
i-

o«*"
00cocoin

vocr>
p

—
C

O
C

O
C

O
P

—
com

in
vof^

crip
—

 
co

co
co

in
r>

.crico
o

o
o

o
io 

C
M

C
M

O
O

P
—

r
—

p
—

r
—

C
M

C
M

O
O

P
—

r
—

P
—

r
—

p
—

p
—

p
—

O
O

O
P

—
P

—
P

—
P

—
 

C
M

O
O

P
—

 

P
age A

-3
1
 



C
O

 

cm
 

en 
£Z 

•r
-

x
: 

to 

o 
r—

 

C
O

 

•4-> 

j
-

ta 
4J 

en 
C

 
•r

-

.c 
</>

 
o 

r—
 

C
O

 

j
r 

«/» 
T

-c 
•

p
-

C
O

 l
i


-o 
C

O
 

4
J "

O
 

«/) "
O

 
C

l
< 

r-
O

 
o

- 
o
 

o
~

 
•o >

, 
c 

s-

C
C

 

IT
) 

>
- 

U
l C

O
 

a
: o

 
O

Q
 

o 
•-<

 
_

J 

o 
U

J
 

Z
 

_
|i-

i 
C

O
 

<
o

c
a 

o
<

: 
_

i 
C

O
 U

J
 

cc 

• a
. 

m
r

u
. 

s
: 

U
J o

 
<

r
-

en 

o L
O

 

U
J 

O
 

< a
. 

in 

< U
J 

_
j 

C
O

 

<
: 

u
. 

o in 

U
J 

C
D

 

<c 
a. 
L

O
 

U
J 

—
i 

C
Q

 

< 1—
 

<
C

 
H

-
r~

 C
O

 
2

T 
U

J
 

O
 

r
-

O
 

U
J 

O
 

O
 

= 
<

 
•—

• 
o

i 
a

. 
o

 
a

. i—
 

r-t C
O

 

a
: 

co >
-

< 
U

J 
a

 

<c 
o

 
D

: co
 

o 0Q
 

C
O

 

•=
>
 o

 

o 
a. co 

a
. 

i 
O

 

o 

co 
>-«=c 

in
 LO

 in
 in

 
in

in
in

in
in

o
in

ih
in

csicv
iC

N
J

cv
iin

in 

o
o
 
o
o
o
»
—
 
o
o
o
o
o
o
o
o
o
 

•
 
i
 
•
 
i
t
 

i
i
 
i
i
i
 

i
i
 

i
 
i
 i
 

in in
 in

 en
 

in
in

in
in

in
o 

m
 m

 in
 N

 N
 is N

 in
m

 
CM
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 

co
co

co
o

o
co

co
co

co
co

o
o

o
o

co
co

o
o

o
o 

fsr
»

r
«

.N
N

r
sisN

r
sfN

iN
fN

N
 

rsrs 
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
 

in in
 

in
in

'in
in

in 
in

 in
 

o
o 

i 
i 

in in
 

o 
o
 
o
 

o
o
 

i 
i 

I
I 

i 

in vn in
 in

 in
 

o 
in

 
i 

in
 

in
o 

C
M

C
M

 
C

M
C

M
C

M
C

M
C

M
 

C
M

O
O

 
0

0
0

0 
I 

0
0
 C

O
 0

0
 C

O
 C

O
 

I 
C

O
 «

3
-

r>.rvi 
is r*« is is is 

tsco 
C

M
C

M
 

C
M

C
M

C
M

C
M

C
M

 
C

M
C

M
 

t
n

*
w

v
N

N
«

)
O

in
c

\io
>

in
«

t 
CM

 **••<*» o 
CM

 CM
 **• *r r—

 c
o

m
 CM

 in
 CM

 O
 

r
sr

-sr
s.r

^
r

sr
sr

sc
o

r
sc

o
isr

s,c
o

isc
o

c
o

isr
so

v
is s

o 
»

s oo rN
N

co
o

o 

o
o

o
o

c
o

r
^

in
o

in
o

m
o

o
t

n
o

in 
in 

in
 

C
n

c
n

C
n

C
n

O
r

- 
r—

 r—
 O

C
O

C
O

C
M

i
n 

C
M

t
O

IS
C

O
x

i-
C

n
iO

C
O

r
—

 
W

r
-

N
N

O
O

» 
r

-
r

—
 

r—
 r—

 r—
 r

- 
i—

 r—
 r—

 
r—

 r—
 t—

 r—
 r—

 r- 
r—

 r—
 C

M
r—

 
C

M
r—

 
r—

 C
M

 r
-

•-i 
I 

0
0

 C
M

 C
T> 

O
 

O
 

O
 

O
 

O
 

_
j

f
e

«
C

M
r

o
r

o
i

i
i

i
t

i
i

i
i

i
r

o
i

i
i

r
o

i
i 

i 
i 

I
I

I 

I-I 
I 

•—
 in

 »3- 
in

 
«a- 

o 
co 

oo 
S

,
»

%
|

C
M

C
M

C
M

I
I

I
I

I
I

I
I

I
I

C
M

|
|

I
C

M
I

I 
I 

I 
I

I
I 

f
O

(
O

O
f

O
l

O
(

D
O

M
O

N
O

N
W

m
o

O
r

- 
C

M
C

D
i—

 
O

O
O

O
O

O
O

O
 

i
n

U
H

O
V

D
W

V
D

I
s

N
C

O
O

O
C

T
i

C
T

i
O

r
-

C
M

N
n

C
T

t
i

n
i

n
v

o
r

s
O

O
O

l
O

O
O

^ 
r—

 t—
 f—

 r—
 r—

 r—
 r—

 r—
 p—

 p—
 r—

 r—
 

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
O

C
M

 

u
i m

m
 

L
n

in
in

o
in

o
in

in 
in

 
en

 in
 

• 
• 

• 
•

•
•

•
•

•
•

• 
• 

•
• 

C
O

r
s

U
X

O
l

O
r

-
r

-
r

-
r

-
O

O
C

l
O

l
C

O
S

C
O

^
U

K
t

r
-

O
O

O
W

O
l

C
O

O
l

O
 

C
M
 
C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 
C
M
 r
—
 i
—
 r
—
 r
—
 r
—
 
r
—
 r
—
 r
-
 r
—
 r
—
 r
—
 r
—
 

r
—
 

I
 

I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 

I
 
I
 
I
 
I
 ,
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 
I
 

o 
is «* M

S
. en

 o 
<

t <
- ^

fC
M

in
cn

in
i>

.ro«a-«!i-cD
^

«*io
,«d

-iO
'3-cn

co^
t-

i-n
v

o
v

o
o

o
c

O
r

-M
N

o
c

v
u

o
c

o
v

o
o

o
v

o
u

ja
n

o
w

c
ftv

o
a

n
o

v
o

c
n

c
ft 

r.r
-p

-r
-r

-r
-c

\j(M
c

\in
<

n
n

m
*

<
tin

u
)in

in
u

3
v

o
iD

M
s

c
o

c
o

e
o

c
o 

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

 

S
^

S
^

-
^

^
"

^
.

^
.

^
^

^
.

^
.

^
^

.
^

.
^

.
^

.
^

.
^

.
^

.
^

^ 
^

,
S

.
^

S
^

"
v

.
^

.
>

^
, 

n
«

*
'f^

-«
a

-^
r

'i-if)in
in

u
>

v
o

u
)N

N
r

so
o

o
o

o
o

o
>

c
n

c
ftO

O
r

-r
-r

-r
-

r—
 r—

 •—
 r—

 r—
 r—

 p—
 r—

 t—
 r—

 p—
 f—

 
r—

 p—
 r—

 «—
 r—

 r—
 p—

 r—
 r—

 r—
 C

M
 C

M
 C

M
 C

M
 C

M
 C

M
 

S
^

S
^

S
^

^
,.^

-
^

,. 
S

^
' 

S
,

S
»

S
»

S
,

S
»

S
N

S
N

.
S

»
S

^
s

^
.

«
%

N
^

,
v

>
^

^
,

^
^

.
^

.
^

 

tn
in

L
n

in
in

u
>

in
ix

)in
in

in
in

in
in

in
in

in
ii^

in
in

in
in

in
in

in
in

in
in 

U
J 

i
n

o
o

i
n

o
i

n
i

n
o

i
n

i
n

o
o

o
«

n
o

o
o

o
o

o
f

s
.i

n
i

n
i

n
r

>
»

i
r

>
o

o 
o

<
j

T
-

<
f

<
t

O
'

-
o

f
<

j
,o

n
o

i
-

o
n 

o
»

—
m

o
o

^
i-o

s
fo

r
—

O
C

M
 

en •—
 oo oo co <* cr» •—

 en
 is CM

 co «*• o
o

io
tsc

o
c

o
in

o
o

c
o

in
c

o
m

c
o

o
o

in
in 

p—
 O

O
O

r
—

r
—

p
—

O
O

P
—

C
M

O
r

—
 

O
r

—
r

—
 

O
O

r
—

O
O

r
—

 
O

r
—

O
O

r
—

r
—

 

P
age A

-3
2
 



- 
2
 

C
O

 

^ O
f 

<
C

 

s L
U

 
D

C
 

•a 
a

t 
4

-»
T

3 
«/) "

O
 

at«c 
l—

 a» 
<*- u

 
0

»
-

i 

•o
 

>
»
 

c 
i-

L
U 

a
 

T
3 

a> 
•

a 
•

a 

<c 
a

t 
u

 
•—

a 

>» 
fc

. 
o

 

at 
o

 

>
- 

L
U

 C
O

 

o
fu

o
a 

Q
 

•-• 
_

l 

in 
in

in
in

in
in

o
o

o
m

in
in

o
m

o
tn

o 
o

o
o

in
in

in 
m

i
n

w
o

o 
• 

i 
• 

• 
•

' 
o 

o
 
in C

M co c
o
 c
o
 o

 
<si-CM r̂

.
 c
o
 o
 
r». i

n
 C
M r

—
o
 o
 
i
n
 o
o
 o
 
«*f *o •

—
o
o
 «d-CM r^ i

n
 er» 

I 
| 

v
o

N
r

- 
C

0
*3

-*«
-C

O
C

M
r-^

'r—
r—

 
W

N
N

l
O

V
t

«
,

)
<

*
'

M
W

N
r

-

C
9
 

L
U z

: 

_
J 

»
-• C

O
 

C
O

 L
U

 

a: 

in 
in o

o
o

 o
 tn

in in o
o

 o
 in o

u
t 

in in in in in
in

o o
o

in 
o

 o
o

 in in
 

CM 
C
M oo m

 10 in o
 CM in «n o

 
vo C

M o
 r*>-in co CM CM r*. o

 CM r»» o» ** o
 
»*» m

 o
 r«-#— 

C
O

 
I 

0
0

<
<

d
-0

<
y

»
lO

C
O

C
M

r
—

 
O

O
t

T
»

O
»

O
»

0
0

0
0

0
0

0
0

0
0

l
0

C
0

i
n

C
0

C
M

C
M

C
M

r
—

 
r—

 c
—

 
O

O
 

r* 
r>. oo oo r^ oo oo oo oo oo oo r«. r«. r>> r̂

> r>« r^ r^ r^ oo oo oo oo oo oo oo oo oo oo oo co 
C
M
 

C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 C
M
 

L
U

 
C

M
 C

M
 

• a
. 

s: 
L

U
O

 
C

M
U

^
C

M
c^

cJ«a•<
a•o

o
o

o
o

lO
O

O
^

t•o
f»o

o
^

-•lo
^

»co
cM

O
O

r».ln
«o

«a•ln
cM

C
O

co
o

o
r>

.l ,^ 
M

N
C

O
o

o
rx

r»
rs

v
o

v
o

c
O

N
fN

rs
»

o
(D

N
*o

r*«
)M

o
«

o
»

o
N

N
N

N
C

O
c

o
fs

r«
.rs 

L
U

 
U

. 
O

O
 

*—
 r—

" 

L
U

 L
U

 
as cu

 
<

< 
a

. a
. 

to
 

\o
 

c
£

L
U

 
_

I 
L

U
 C

O
 

-
J

<
: 

C
0

H
-

<c 

o
o

 
o

o
 o
 

O
L

U
 

z: a: 
Q

- 
H

-

a. co 
C

O
 

I 

L
U

C
O

 
2

:
0 

<
a 

a: 
o C

Q
 

C
O

 

s: z
: 

=
3

0 

O
 

O
 

>
•

£
: 

C
D

 

Q
. C

O
 

a. 

in
 

in
in

o
in

o
c

f>
o

^
c

o
in

o
r-c

o
fo

c
rtin

o
c

M
O

O
^

-v
o

o
o

c
M

O
O

v
o

in
"<

3
-c

n
tT

ic
rv 

i*»
r*»

o
o

,»
o

o
o

»
v

o
'*in

in
in

in
<

*-«
*'^

*'fo
«

*
,«

«
i-in

^
*'C

o
c

M
C

o
*»

ifo
c

o
in

in
**-^

*
-^

' 
t—

 r—
 C

M
 r—

 t—
 r—

 

* t-« 
I 

o
 

O
O

O
O

 
_

l 
*

*
l 

I 
I 

I 
I 

I 
I 

I 
• 

I
I 

I
I 

I 
I 

I 
I 

I 

o
 

0
0
 

I
I 

I
I 

I 

* 
e

-
i

|r
o 

in
 

in
 

in
 

in
 

i
n

m
m

 
s

»
i

*
| 

1
 

1
 

1
 

1
 

1
 

1
 

1
 

1
 

1
1
 

1
1
 

1
 

• 
1
 

1
 

1
 

1
 

• 
1
 

1
 

1
1
 

1
 

O
O

O
O

O
U

>
r

-
O

O
N

O
C

O
C

)
N

O
C

M
N

i
n

N
O

l
U

)
N

N
I

>
.

«
)

<
t

i
n

i
/

>
N

C
V

I
r

-
r

-

c
ftc

n
o

o
>

«
*c

v
iC

M
K

(o
u

)iO
't*«

t«
*

,*<
*<

j-u
)u

)in
<

j-«
j

><
n

<
n

(»
)n

(
,o

fo
o

n
(«

i 
CM

 CM
 CO

 C
M

r—
r- t—

 

»
-«

o
 

r
-

0
 

in 
in 

cT
iC

0o
»O

co
cr>r—

 c
o

c
n

c
D

C
M

in
c

o
v

o
in

io
u

jiD
in

c
M

o
c

o
o

O
f—

 
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
 

r-r)P
)«

fin
m

v
o

v
o

v
o

u
)(o

u
)U

)u
>

v
o

tflU
)u

)io
<

o
N

N
rs

is
rN

h
s

tx
i>

.r^ 
1 

1
 

1
 

1
 

1
 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 
1

 1
 

CO 
>-<c 
a 

u
ju

>
cr>

C
T

ir^
cr>

o
r>

C
M

iO
C

T
»io

o
>

co
io

cn
cM

U
Jo

^
r^

cricT
>

C
M

rN
.o

t %
»co

io
cn

r—
 

in
tn

io
 

co
o

o
o

o
o

o
cn

tT
to

tf—
«—

 1—
 

C
M

C
M

fO
fo

c
o

«
^

-^
j-^

-in
in

in
io

io
o

o
o

o
c

r>
c

T
»

c
r>

C
D

O
O

r-• 
cM

C
M

C
M

C
M

C
M

C
M

C
M

C
o

co
co

co
<

n
co

fo
ro

co
ro

ro
co

ro
co

co
co

co
co

co
co

co
^

i-<
«a-^

j-<
sr 

t—
 

<c 
o

 
i

-
r

-
r

-
r

-
N

(
V

J
W

n
5

t
<

t
m

i
n

U
)

«
)

U
)

U
}

M
S

0
0

0
0

a
)

0
0

0
>

O
r

-
i

- 
^

-
V

.
*

^
^

"
^

.
^ 

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
O

r
O

C
O

r
--r

—
 

r—
 

C
M

C
M

C
O

 

in
in

in
in

in
in

in
in

in
in

in
in

in
in

in
in

in
in

in
in

in
in

tn
in

in
tn

to
to

io
io

io
io 

L
U

 
i

>
>

i
n

o
o

o
o

o
i

n
i

n
o

i
n

o
o

»
*

*
o

o
o

i
n

o
o

i
n

i
n

o
o

o
o

o
i

n
o

i
n

o
o 

O
i

-
O

N
O

N
n

^
i

-
o

o
i

n
r

-
o

o
O

f
-

n
o

o
^

t
-

n
i

n
^

o
r

-
t

n
i

n
r

-
o

r
-

c
o

o
o

in
in

o
4

o
m

c
M

o
o

u
>

o
o

in
o

o
o

in
c

M
O

O
in

c
rim

tn
c

M
o

r*»
r—

 
«4- co

 in
 o

 00 to
 00 

O
O

r
—

r
—

r
—

r
—

r
—

C
M

 
O

r
—

 
O

r
—

 
O

 
O

 
r—

 
(

M
O

r
- 

O
 

r—
 
r—

 
C

M
r—

 1
—

 t—
 C

M
 O

 
r—

 
C

M
 O

 
r—

 
O

 

P
age A

-3
3
 



TABLE A6 PAGE 2 OF 2 

TABLE 6 PAGE 2 OF 2 

DIBORANE SHIPPING CONTAINER 
POST-TEST RECOOL 

"D 

tt> 

A
-3

4 

TI HE 

1600 
0810 
1405 
1425 
1925 
1145 
1430 
2345 

DATE 

6/3/71 
6/4/71 
6/4/71 
6/4/71 
6/4/71 
6/5/71 
6/6/71 
6/6/71 

DAYS 

41 .97 
42 .64 
42 .89 
42 .90 
43 .11 
43 .79 
44 .91 
45 .29 

TI 
°C 

-72 
-72 
-72 
-72 
-73 
-74 
-74 
-74 

PI 
PSIG 

31 
31 
31 -
31 
33 
31 
31 
30 

VI 
%_ 

-
-
-
-
-
-

LI 
%_ 

-
-
-
-
-
-

VACUUM 
MICRONS 

6 .0 
4.9 
7.0 
6.9 
5.4 
4.4 
4.7 
3.2 

AMB. 
TEMP 

°F 

88 
76 
90 
86 
83 
80 
83 
70 

SCALE 
READING 

LBS 

2798.5 
2792.5 
2790.5 
2853.5 
2850 
2842 
2833 
2826.5 

DRY 
ICE, 
LBS. 

16-
10 

8 
71 
67 .5 
59 .5 
50 .5 
44 

REMARKS 

Dry Ice Added 

oo 



200-POUND DIBORANE SHIPPING CONTAINER 

DRAWINGS 

Following is a complete list of as-built drawings for fabri
cation and assembly of the 200-pound diborane shipping container. 
A copy of each drawing is enclosed with this document. 

A458-5800 Flow Schematic 
A458-5801 Final Assembly 
A458-5802 Sh 1 & 2 Piping and Instruments 
A458-5803 Sh 1 & 2 Main Assembly 
A458-5804 Sh 1 & 2 Inner Vessel - Assembly Of 
A458-5805 Inner Vessel - Details 
A458-5806 Sh 1 & 2 Top Head - Assembly Of 
A458-5807 Top Head - Details 
A458-5808 Vacuum Filter -.Assembly Of 
A458-5809 Bottom Head - Assembly & Detail 
A458-5810 Thermal Plug - Assembly Of 
A458-5811 Suspension Bracket - Assembly Of 
A458-5812 Sh 1 & 2 Suspension Bracket - Details 
A458-5813 Bracket-Pressure Gage 
A458-5814 Standoff Ring - Assembly Of 
A458-5815 Lifting Bracket Details 
A458-5816 Outer Shell - Assembly Of 
A458-5817 Top Panel - Assembly Of 
A458-5818 Sh 1 & 2 Side Panel - Assembly Of 
A458-5819 Valve Cover - Assembly Of 
A458-5820 Fill Port - Perlite, Assembly & Detail 
A458-5821 Sh 1 & 2 Electrical Schematic & Panel Layout 
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CCC 71-12 (ADDENDA) 

ADDENDA TO 

PETITION TO DEPARTMENT OF TRANSPORTATION 

FOR SPECIAL PERMIT 

200-POUND DIBORANE SHIPPING CONTAINER 

DESIGN & PERFORMANCE 

Developed Under Contract Number NASW 1827 

ADDENDA: 14 JUNE 1971 - 18 SEPTEMBER 1972 

ORIGINALLY SUBMITTED JUNE 1971 

by 

CALLERY CHEMICAL COMPANY 

DIVISION OF MINE SAFETY APPLIANCES COMPANY 

CALLERY, PENNSYLVANIA 

16024 
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L-ALLERYCHEMICAL COMPANY 
DIVISION OF MINC SAFETY APPLIANCES COMPANY 

CALLERY. PENNSYLVANIA 16024 • PHONE (4121 538-3510 

* 29 July 1971 

Office of The Secretary of Transportation 
Washington, D. C. 20590 

Attention: Mr. James Grothe 
Chief, Special Permits Branch 
Office of Hazardous Materials 

Dear Mr. Grothe: -

This letter refers to the diborane shipping container 
developed and tested by Callery Chemical Company under Contract 
Number NASW 1827. The data contained herein are an addition 
to the report submitted on 14,June 1971 in application for a 
special permit. 

In telephone conversations with Mr. Paul Seay of 
your office, the limits of diborane net weight were discussed. 
We agreed that the basic permit should be issued for 200 ± 2 
pounds net weight of diborane, but that an amendment should 
allow for smaller quantities of diborane. 

Attached is a table showing the shipping time versus 
quantity in 20-pound increments of diborane net weight. As 
discussed in the initial presentation, the temperature of 0°C 
corresponds to a pressure approaching 400 psig or 80 percent 
of the maximum working pressure. Further, the temperature of 
-35°C was set as a somewhat arbitrary upper limit for the 
normal delivery time. On this basis the minimum quantity would 
be 100 pounds for a 15-day shipping permit. The container 
delivered in 15 days would arrive at a temperature app.roaching 
-35°C, and there would be an additional seven days before 
reaching 0°C. 

Use of the container for quantities less than 200 
pounds will be infrequent, but we feel this possibility should 
be covered by the regulations. We feel that 100 pounds is the 
minimum quantity for shipment under a 15 day permit. Further, 
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L-ALLERY CHEMICAL COMPANY 

Mr. James Grothe Page 2 

we feel that use of the 15 day permit for a quantity range is 
preferable to a graduated shipping time, even if this limits 
the range somewhat. We invite your recommendations based on 
the attached data. 

Very truly yours, 

CALLERY CHEMICAL COMPANY 
Division of MSA Company 

K. W. Beahm 
Project Leader 

KWB/tp 

Attachment 

cc: Mr. R. M. Graziano, Agent 
Bureau of Explosives 
Association of American Railroads 
1920 L. Street, N. W. 
Washington, D. C. 20036 -

Mr. W. B. Powell, Technical Manager (2 copies) 
Jet Propulsion Laboratory 
California Institute of Technology 
Building 125, Room 224 
4800 Oak Grove Drive 
Pasadena, California 91103 
NASA 
Headquarters Contracts Division 
Washington, D. C. 20546 
Attn: The Contracting Officer, Code DHC-6 
Subject: Contract NASW-1827 
Mr. Frank E. Compitello/Code RPL 
NASA-0ART 
Liquid Propulsion Technology 
600 Independence Avenue, 
Washington, D. C. 20546 
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TABLE A-7 

DIBORANE SHIPPING CONTAINER 
EXTRAPOLATED TEST DATA 

(1) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

Diborane-
Weight, lbs 

201. 

200 

198 

1-80 

160 

140 

120 

100 

80 

5 
» 

Time, 
to -35°C 

20.6 

20.5 

20.4 

19.6 

18.6 

17.6 

16.6 

15.6 

14.6 

Days 
to 0 UC 

33.4 

33.3 

33.0 

31.0 

28.8 

26.5 

24.3 

22.0 

19.8 

Actual test data 
Extrapolated test data 
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(—ALLE^Y CHEMICAL COMPANY 
DIVISION Of MINE SAFETY APPLIANCES COMPANY 

GALLERY, PENNSYLVANIA 16024 • PHONE (4121 538-3510 

20 August 1971 

Office of the Secretary of Transportation 
Washington, D. C. 20590 

Attention: ' Mr. James Grothe 
Chief, Special Permits Branch 
Office of Hazardous Materials 

Dear Mr. Grothe: 

This letter refers to the diborane shipping container 
developed and tested by Callery Chemical Company under 
Contract Number NASW 1827, The request contained herein 
is an addendum to the report dated 14 June 1971 and the 
followup letter dated 29 July 1971. 

Our NASA contract cited above contains the require
ment of a qualification shipping test, for which we plan 
to ship 200 pounds of methanol in the container. Mr. Paul 
Seay of your office has advised that a special permit is 
required to ship methanol in the diborane container, and 
we concur with his recommendation to include permission for 
qualification test shipments of methanol as a part Of the 
diborane permit. 

It is hereby requested, therefore, that you include in 
the diborane permit a statement to the effect: 

"For container qualification test require
ments, methanol (only) may be shipped in 
this container. Such test with methanol 
may be repeated as deemed necessary. Quan
tity range limitations cited for diborane 
will apply, however, requirement for pre-
cooling is not applicable." 

Since the initial qualification shipping test with methanol 
must be postponed until receipt of the special permit, we 
will appreciate anything you can do to expedite approvals of 
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CZALLERY CHEMICAL COMPANY 

Mr. James Grothe . - 2 

the permit; thereby enabling Caliery to complete the remain 
ing work within the time limitations of our NASA contract. 

' Very truly yours, 

CALLERY CHEMICAL COMPANY 
DIVISION OF MSA COMPANY 

j&M&^-—'-
K. W. Beahm ."* *** 
Project Leader 

KWB:jp 

cc: Mr. R. M. Graziano, Agent 
B u r e a u o f E x p l o s i v e s 
Associat ion of American Railroads 
1920 L. S t r e e t , N. W. -
Washington, D. C. 20036 

. • f 

Mr. W. B. Powell, Technical Manager (2 copies) 
J e t Propulsion Laboratory 
Cal i forn ia I n s t i t u t e of Technology 
4800 Oak Grove Drive 
Pasadena, Cal i fornia 91103 

NASA 
Headquarters Contracts Division 
Washington, D. C. 20546 
Attn: The Contracting Officer, Code DHC-6 
Subject: Contract NASW-1827 
Mr. Frank E. Compitello/Code RPL 
NASA-0ART 
Liquid Propulsion Technology 
600 Independence Avenue 
Washington, D. C. 20546 
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ALLERV CHEMICAL COMPANY 
DIVISION OF MINE SAFETY APPLIANCES COMPANY 

CALLERY. PENNSYLVANIA 16024 • PHONE 1412) 538-3510 

10 December 1971 

Office of the Secretary of Transportation 
Washington, D. C. 20590 

Attention: Mr. James Grothe 
Chief, Special Permits Branch 
Office of Hazardous Materials 

Dear Mr. Grothe: 

Please re fe r to our l e t t e r of 27 October 1971 regard
ing the shipping c l a s s i f i c a t i o n of d iborane, and to p r i o r 
correspondence fo l l ow ing our 14 June 1971 specia l permit 
app l i ca t i on fo r the 200-pound container developed by 
Cal lery Chemical Company f o r NASA on Contract Number NASW-
1827. 

According to your telephone conversation w i th our Mr. 
A. J . Toering on 9 December 1971, we understand tha t DOT 
has ru led i n favor of a dual c l a s s i f i c a t i o n f o r diborane: 
"Class A Poison" and "Flammable Compressed Gas". Please 
send w r i t t e n conf i rmat ion of t h i s r u l i ng i n rep ly to our 
l e t t e r of 27 October 1971. 

This w i l l conf irm our request t ha t you proceed immedi
a te ly to issue the specia l permi t , which we understand has 
already been approved f o r motor vehic le shipment by the 
Federal Highway Admin is t ra t i on . This w i l l enable Cal lery 
to proceed wi th the methanol shipping tes t required by our 
NASA con t rac t . 

Fu r the r , Cal lery Chemical Company hereby requests tha t 
DOT consider approval of r a i l express as a mode of t rans 
po r ta t i on f o r the 200-pound diborane shipping conta iner . 
Although motor vehic le shipment i s used whenever poss ib le , 
there have been times when only r a i l shipment was possible 
to ce r ta in des t ina t ions . Rai l f r e i g h t i s too slow fo r 
shipment under the ten-day or f i f t een -day permi ts ; there
f o r e , r a i l shipment must be by r a i l express. 
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L—ALLERY CHEMICAL COMPANY 

Mr. James Grothe - 2 -

Please note that we do not want to holdup issue of 
the permit during consideration of the rail express ques 
tion, which can be handled as a modification. Please 
expedite both these actions, because the NASA contract 
has already been seriously delayed. 

\!ery truly yours, 

CALLERY CHEMICAL COMPANY 
DIVISION OF MSA COMPANY 

K. W. Beahm 

KWB:jp 

cc: Mr. R. M. Graziano, Agent 
Bureau of Explosives 
Association of American Railroads 
1920 L. Street, N. W. 
Washington, D. C. 20036 

Mr. W. B. Powell, Technical Manager (2 copies) 
Jet Propulsion Laboratory 
California Institute of Technology 
Building 125, Room 224 
4800 Oak Grove Drive 
Pasadena, California 91103 
NASA 
Headquarters Contracts Division 
Washington, D. C. 20546 
Attn: The Contracting Officer, Code DHC-6 
Subject: Contract NASW-1827 
Mr. Frank E. Compitello/Code RPL 
NASA-0ART 
Liquid Propulsion Technology 
600 Independence Avenue 
Washington, D. C. 20546 
R. 0. Voegtly, Safety Engineer 

A. J. Toering, Manager - Marketing 

H. W. Wilson, Manager - Engineering 

Page A-43 



L^QLLZziRY CHEMICAL COMPANY 
DIVISION OF MINE SAFETY APPLIANCES COMPANY 

CALLERY, PENNSYLVANIA 1G024 • PHONE 14121 538-3510 

3 March 1972 

Office of the Secretary of Transportation 
Washington, D. C. 20590 

Attention: Mr. James Grothe 
Chief, Special Permits Branch 
Office of Hazardous Materials 

Subject: DOT Special Permit No. 6522 

Dear Mr. Grothe: 

In accordance with our 3 March 1972 telephone conversa
t i o n , a t tached is a table showing effect of diborane weight 
on shipping time for the conta iner authorized under the 
sub jec t permit . A par t of these data had been presented 
in our l e t t e r of 29 July 1971, which became the basis for 
e s t a b l i s h i n g 100 pounds as the minimum weight for a 15-day 
shipping permit . 

The more complete data in the at tached tab le show the 
reduction in time for q u a n t i t i e s less than 100 pounds. As 
discussed in previous correspondence, the temperature of 0°C. 
corresponds to a pressure approaching 400 psig or 80 percent 
of the maximum working pressure . Fur ther , the temperature 
of -35°C. was se t as a somewhat a r b i t r a r y upper l i m i t for 
the normal del ivery time. 

Based on the attached data we recommend a ten-day 
shipping time l imi t for q u a n t i t i e s of 50 to 99 pounds and 
a f ive-day shipping time l i m i t for q u a n t i t i e s less than 50 
pounds. The l a t t e r in e f fec t is for q u a n t i t i e s of 6 to 49 
pounds, s ince 5 pounds above t a r e weight i s allowed as "empty" 
for .return (based on the fac t t h a t even t o t a l decomposition 
of 5 pounds of diborane would not r e s u l t in overpressure of 
the c o n t a i n e r ) . All other terms of the permi t , including 
precoo l ing , should be made app l i cab l e . 
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Mr. Grothe - 2 -

Please consider this a formal request for amendment 
of the subject permit to incorporate regulations for 
quantities less than 100 pounds. If there are any questions 
about the recommended graduated shipping times (5, 10, or 
15 days) or about the supporting data, please feel free to 
call. In order to accomodate a planned NASA application, we 
would appreciate your action on this request for amendment 
prior to 15 April 1972. 

Very truly yours , 

CALLERY CHEMICAL COMPANY 
DIVISION OF MSA COMPANY 

K. W. Beahm <*: 
Project Leader 

KWB:jp 

Attachment (1) 

cc: Mr. R. M. Graziano, Agent 
Bureau of Explosives 
Association of Auerican Railroads 
1920 L. Street, N. W. 
Washington, D. C. 20036 

Mr. W. B. Powell, Technical Manager (2 copies) 
Jet Propulsion Laboratory 
California Institute of Technology 
Building 125, Room 224 
4800 Oak Grove Drive 
Pasadena, California 91103 

Page A-45 



TABLE A-8 

DIBORANE SHIPPING CONTAINER 
EXTRAPOLATED TEST DATA 

(1) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) • 

(2) 

(2) 

(2) 

(2) 

(2) 

Diborane 
Weigh t , l b s . 

201.5 

200 

198 

180 

160 

140 

120 

100 

80 

60 

50 

40 

20 

5* 

Time, 
to -35?C. 

20.6 

20.5 

20.4 

19.6 

18.6 

17.6 

16.6 

15.6 

14.6 

13.7 

13.2 

12.7 

il.7 

11.0 

Days 
to 0°C. 

33.4 

33.3 

33.0 

31.0 

28 .8 

26.5 

24.3 

22.0 

19.8 

17.5 

16.4 

15.2 

13.0 

11.3 

[1 ) Ac tua l t e s t : data . ; 
,2) E x t r a p o l a t e d t e s t data 
* Would no t exceed the maximum recommended o p e r a t i n g 

p ressure even on t o t a l decompos i t i on . 
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QLLERY CHEMICAL COMPANY 
DIVISION Vf MINE SAFETY APPLIANCES COMPANY 

CALLERY. PENNSYLVANIA 16024 • PHONE 1412) 538-3510 

15 March 1972 

Office of the Secretary of Transportation 
Washington, D. C. 20590 

Attention: Mr. James Grothe 
Chief, Special Permits Branch 
Office of Hazardous Materials 

Subject: DOT Special Permit No. 6522 

Dear Mr. Grothe: 

The subject permit has been reviewed in some detail by 
personnel at Callery Chemical Company and by representatives 
of NASA. In doing so, we have found that some wording in 
the permit leaves open the possibility of misinterpretation. 
This letter proposes, therefore, that certain sections be 
rewritten to prevent misuse of the permit. Specifically we 
invite your consideration of the following changes: 

Paragraph 6 

In line six, the sentence should stop after the word 
"insulation". The remainder of that sentence should be in
corporated in a new sentence: "For diborane shipment, the 
dry ice chamber must contain not less than 108 pounds of dry 
ice on the date of shipment." (Or this sentence could be 
deleted since it is part of paragraph 7). 

Insert in line ton (between the sentence ending with 
"Board." and the sentence beginning with "Except") the sen
tence previously given in sub-paragraph (7.b.), revised to: 
"Container must be equipped with an audio-visual alarm to ind 
cate temperature above minus 35°C." 

Paragraph 7 

Reorganize this "SPECIAL PACKAGING REQUIREMENTS" para
graph to read as follows: 
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Mr. James Grothe - 2 -

a» All diborane shipments, including those v/hich qualify 
as "empty" by subparagraph (c), must comply with the 
following: 

i. In addition to the flammable gas label and the 
poison gas label, each outside shipping container 
must bear a conspicuous label reading as follows: 
"IF NOT DELIVERED BEFORE CARRIER MUST ADVISE 
THE CALLERY CHEMICAL COMPANY, CALLERY, PENNSYLVANIA, 
ALSO THE BUREAU OF EXPLOSIVES, WASHINGTON, D.C., BY 
WIRE." The date inserted in the blank space on this 
label must not be in excess of the number of days pre
scribed herein from the date shipment is offered for 
transportation. 

ii. Container must have not less than 108 pounds of dry 
ice in dry ice chamber on the day shipment is made. 

iii. Container must reach destination within 15 days from 
date of shipment. 

b. All diborane shipments except those which qualify as "empty" 
by subparagraph (c) must also comply with the following: 

i. Filling is to be by: weight only. 

ii. Container must be precooled with liquid nitrogen 
to below minus 80°C. and excess nitrogen removed 
prior to charging with diborane. 

c. Container shipped as "empty" of diborane must also comply 
with the following: 

i. Must be verified to be "empty" by one of the 
following: 

(a) The empty weight must not exceed the marked 
tare weight by more than 5 pounds, or 

(b) Level of liquid diborane must be below the 
bottom of the dip tube. Loss of liquid seal 
will be evident by ability to vent gas pressure 
from the container (to user's tank or other 
proper vent system) through the dip tube. 

ii. Pressure must be vented to between 25 and 50 psig at 
the time container is emptied. 
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Mr. James Grothe - 3 -

d. Provisions for shipment of methanol are as fol lows: 

i . The only time methanol may be shipped is to 
s a t i s f y c o n t r a c t o r ' s q u a l i f i c a t i o n acceptance 
t e s t s . Under these condit ions ne i the r the t r a n s i t 
time r e s t r i c t i o n s nor the requirement for precooling 
apply. 

ii. Additionally, the requirements of subparagraphs (a), 
(b), and (c) of this paragraph and the entire para
graph (9) do not apply to methanol shipments. 

Please understand that this request does not intend any 
change in the terms of the permit as approved; but rather 
the proposed wording should prevent misinterpretation of the 
terms agreed upon, thereby serving to benefit both DOT and 
those who use the permit. 

If you desire to discuss this matter, please feel free 
to call or write. 

Very truly yours, 

CALLERY CHEMICAL COMPANY 
DIVISION OF MSA COMPANY 

K. W. Beahm 
Project Leader 

KWB:jp 

cc: Mr. R. M. Graziano, Agent 
Bureau of Explosives 
Association of American Railroads 
1920 L. Street, N. U. 
Washington, D. C. 20036 

Mr. W. B. Powell, Technical Manager (2 copies) 
Jet Propulsion Laboratory 
California Institute of Technology 
Building 125, Room 224 
4800 Oak Grove Drive 
Pasadena, California 91103 
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3 , ^ y , ,f r CHEMICAL COMPANY 
Olt/ISION OF MINE SAFETY APPLIANCES COMPANY 

CALLERY. PENNSYLVANIA 16024 • PHONE (4121 538-3510 

28 March 1972 

Office of the Secretary of Transportation 
Washington, D. C. 20590 

Attention: Mr. James Grothe 
Chief, Special Permits Branch 
Office of Hazardous Materials 

Subject: DOT Special Permit No. 6522 

Dear Mr. Grothe: 

This letter is in regard to the various requests which 
have been made relative to the subject permit. In an effort 
to conclude our NASA contract at the earliest possible date, 
Callery hereby requests that action on these matters be ex
pedited as follows: 

On 3 March 1972 we requested authorization to ship diborane 
quantities less than 100 pounds under a graduated shipping 
time. A letter dated 20 March 1972 from Mr. R. M. Graziano, 
Director and Chief Inspector of Bureau of Explosives (AAR), 
reported that their Chief Chemist Charles Schultz felt addi
tional test data were needed. Since we have some data which 
indirectly supports the information given, we feel the ex
trapolation could be defended technically; however, this would 
involve more time than is presently available. Further, it is 
possible that NASA may find it convenient to obtain measured 
data which bears directly on performance of the container with 
50 to 60 pounds of diborane. In view of the above, therefore, 
please consider this a formal request to withdraw our request 
for authorization to ship quantities less than 100 pounds, with 
the understanding that Callery or NASA may reactivate the re
quest by submitting additional data to support the recommendations 

Secondly there is our request of 15 March 1972 that certain 
sections of the permit be reworded to prevent any misinterpre
tation, without intending any change in the terms. Primarily 
this was aimed at clarification that 108 pounds of dry ice is 
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Mr. James Grothe 

the requirement on the date of shipment, and not during a l l 
•of the 15-day shipping t ime. We feel t h a t t h i s point must 
be c l a r i f i e d , whether or not you accept a l l of the recommended 
rewording. 

F ina l ly there remains your reply to our request of 10 
December 1972 to consider approval of r a i l express as a mode 
of t r a n s p o r t a t i o n . In a telephone conversat ion on 6 March 
1972 Quentin Banks ind ica ted t h a t blanket approval may not 
be p o s s i b l e , but t h a t s i n g l e - t r i p exceptions might be con
s idered i f and when the s i t u a t i o n a r i s e s . In any case we feel 
a wr i t t en answer to our request i s in order . 

Your act ion in the above matters wi l l permit Cal lery to 
close the NASA cont rac t with no "loose ends" . If there are 
any quest ions on these m a t t e r s , please feel free to cal l or 
w r i t e . 

Very t ru ly yours , 

CALLERY CHEMICAL COMPANY 
DIVISION OF MSA COMPANY 

K. W. Beahm^c —-**£* 

KWB:jp 

cc : Mr. R. M. Graziano 
D i r e c t o r and Chief I n s p e c t o r 
Bureau of E x p l o s i v e s , AAR 
American R a i l r o a d s Bui ld ing 
Washington, D. C. 20036 

Mr. W. B. Powel l , Techn ica l Manager (2 c o p i e s ) 
J e t P ropu l s ion Labora tory 
C a l i f o r n i a I n s t i t u t e of Technology 
Bu i ld ing 125, Room 224 
4800 Oak Grove Drive 
Pasadena , C a l i f o r n i a 91103 
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YCHEMICAL COMPANY 
DIVISION OF M I N E SAFETY APPLIANCES COMPANY 

CALLERY. PENNSYLVANIA 16024 • PHONE (412) 538-3510 

21 April 1972 

Office of the Secretary of Transportation 
Washington, D. C. 20590 

Attention: Mr. James Grothe 
Chief, Special Permits Branch 
Office of Hazardous Materials 

Subject: DOT Special Permit No. 6522 

Dear Mr. Grothe: 

The subject permit was discussed in your meeting with A. J. 
Toering on 13 April 1972, particularly in regard to the need for 
provision to ship a recooled container. 

Shipment of recooled containers is discussed in the first 
attachment, with examples of cases where this may become necessary. 
The second attachment is an in-depth discussion of thermal perfor
mance for a recooled container, including recommendations for safe 
shipping time; data are presented which were obtained after our 
original request for permit in June 1971. Finally, the third attach 
ment is a proposed rewording of the permit to incorporate these and 
previous recommendations. 

Please consider this a formal request to add to the terms of 
DOT Special Permit 6522 the following provision: 

For shipment of a container recooled to a 
diborane pressure of 32 psig (corresponding 
to diborane temperature of -70°C.) to reach 
destination within 

15 days for 175 to 200 lbs. BoHe 
12 days for 100 to 174 lbs. B 2H 6 

Further, we invite your consideration of the proposed wording of 
DOT Special Permit 6522 attached. 

Other related matters still pending, summarized in Callery's 
letter of 28 March 1972, are as follows: 
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Mr. Grothe - 2 

(1) Rail express as a mode of transportation. 

In a telephone conversation on 6 March 1972 Quentin 
Banks indicated that blanket approval may not be possible,, 
but that single-trip exceptions might be considered if and 
when the situation arises. In any case we feel a written 
answer to our request is in order. 

(2) Shipment of quantities less than 100 pounds. 

This request was withdrawn by our letter of 28 March 
1972, on the condition that it may be reactivated by sub
mitting additional data to support the recommendations. 
NASA may obtain pertinent test data, and we presume you 
will consider it appropriate to reopen the question if 
additional data are provided. 

(3) Rewording of special permit. 

We feel that the dry ice specification must be 
clarified to 108 pounds on_ the date of shi pment (not 
during all of the 15-day shipping time), whether or 
not you accept all of the recommended rewording. 

We will appreciate your expeditious handling of these 
matters. 

^ery truly yours, 

CALLERY CHEMICAL COMPANY 
DIVISION OF MSA COMPANY 

K. W. Beahm 

KWB:jp 

Attachments 

cc: Mr. R. M. Graziano, Director & Chief Inspector 
Bureau of Explosives (AAR) 

Mr. W. B. Powell, Technical Manager 
Jet Propulsion Laboratory 
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CALLERY CHEMICAL COMPANY 

DIBORANE SHIPPING CONTAINER 
DOT SPECIAL PERMIT 6522 

SHIPMENT OF RECOOLED CONTAINERS 

DOT Special Permit 6522 was issued with specific requirements 
for precooling, charging diborane, charging dry ice, and shipping; 
all in accordance with a prescribed schedule. Although this may 
cover most shipments, it is inevitable that the need will arise to 
ship a container after recooling with dry ice. Having lost the bene
fit of precooling, the safe shipping time is reduced somewhat. It 
becomes necessary, therefore, to define shipping limitations of a 
recooled container to prevent misuse of the permit. 

There have been cases where it became necessary to recool (add 
more dry ice) containers for shipment on our DOT Special Permit 970. 
The following will serve to illustrate: 

1. A shipment of 40 pounds of diborane bound for the west coast 
via Rail Express was located in Chicago 7 days after leaving 
the Callery plant. Since it was apparent that the shipment 
would not reach its destination by the 10th day (time limit 
on Permit 970), the terminal manager in Chicago phoned Callery 
for instructions. A decision was made to return the shipment 
to the Callery plant where it was refilled with dry ice and 
reshipped via motor freight. 

2. A shipment of 40 pounds of diborane to Sacramento, California 
arrived in Los Angeles on the 10th day. This shipment was 
located by Callery's shipping department in a routine follow-
up check. Arrangements were made for Callery's Los Angeles 
representative to refill the container with dry ice at the 
truck terminal. Delivery was made to Sacramento without in
cident. 

3. A shipment of 5 pounds of diborane for the Philadelphia, Penna. 
area was diverted to Newark, New Jersey and then returned to 
Philadelphia on the 11th day. When notified by the Philadelphia 
terminal manager, Callery sent a representative to refill the 
dry ice compartment. The shipment continued without incident. 

4. A customer in the Philadelphia area received two cylinders of 
diborane the day after a portion of their plant was destroyed 
by fire. Since they were unable to use or dispose of the 
diborane, the containers were refilled with dry ice and returned 
to Callery via private truck. 
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DIBORANE SHIPPING CONTAINER 
DOT SPECIAL PERMIT 6522 

THERMAL PERFORMANCE - RECOOLING 

The complete thermal storage test was concluded after 29 days by 
adding dry ice. Between 29 days and 62 days, dry ice was added 
periodically to observe recooling behavior. Between 62 days and 112 
days, recooling was continued while diborane was removed as needed 
for in-plant uses. At 112 days the last 92.5 pounds of diborane was 
removed. 

Callery's request for special permit, accompanied by design and 
performance specifications (CCC 71-12), was submitted in June 1971. 
This information included data through 6 June 1971, which corresponds 
to 45 days in the test. Subsequent data, not previously presented 
to DOT, were reported to NASA on Contract NASw 1827; and were there
fore on record. These data are given here to support the terms of 
DOT Special Permit 6522. 

Table 4 given here is a continuation of the Table 6 given on 
pages 27 and 28 of CCC 71-12. Columns for VI (voltage indicator) 
and LI (level indicator) were dropped as immaterial; while necessary 
data on True Temperature and Diborane Net Weight were added to 
Table 6. True Temperature is based on the indicated pressure, using 
vapor pressure data with correction for measured amount of non-
condensables. Pressure vs temperature curves are given in Figure 4. 

Recooling data are plotted in Figure 5 (six pages); curves are 
keyed to Table 4 by assignment of letters A .through N. The most im
portant result is that repeated dry ice addition established an 
equilibrium condition at about 32 psig, equivalent to -70°C When 
dry ice weight approached 10 to 20 pounds, diborane temperature began 
to rise; but the -70°C. equilibrium was reestablished by adding more 
dry ice. 

This equilibrium condition established by reicing is of some im
portance because of the potential need for shipment of a recooled 
container (as discussed in the previous section). It becomes 
necessary to define thermal performance of a recooled container, 
initially at -70°C, compared to a precooled container, initially at 
-80°C. 

The data presented here are sufficient to make a reliable pre
diction of this thermal behavior, although none of the recooling 
tests was extended all the way to -35°C. Primary basis of the con
clusions presented herein is recooling curve E, for several reasons. 
Recooling data for curves F through N involved diborane quantities 
less than 200 pounds, so are excluded at this point. Curves A and B 

NOTE: In the original publication to DOT, Table 4 had incorrectly been 
referred to as "Table 6" at the beginning of paragraph 3 and 
in line 2 of paragraph 4. Correction made October 1972. 
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GALLERY CHEMICAL COMPANY 

are excluded because they represent the cooldown period prior to 
establishing equilibrium required for shipment of a recooled con
tainer. Curve E extends all the way from 103 pounds of ice to the 
point where diborane temperature is rising, requiring much less of 
an extrapolation than curves C and D. Finally, the slopes of curves 
C and D are virtually identical, and may be shown to have the same 
overall heat transfer rate as measured during the complete storage 
test. On the other hand curve E represents a slightly higher heat 
transfer rate due to various conditions; and therefore using curve 
E is the most conservative or safest basis. 

Page 2 of Figure 5 shows curve E rising to 49 psig with dry ice 
essentially gone; corresponding temperature is -62°C. Elapsed time 
from the start at -70°C. is 10.3 days. Thermal performance from 
-620C (and zero ice) to -35°C. and on up to 0°C. would be the same 
as measured in the earlier test, which differed only in its lower 
initial temperature. The earlier test data presented in CCC 71-12, 
are reproduced in part in Figure 6 on the same scale as Figure 5. 
In Table 2 on page 14 of CCC 71-12, it is recorded that -62°C. (49 
psig) was reached at 14.3 days. It is apparent, therefore, that 
the difference in shipping time is four days (precooled container 
14.3 days to -62°C. and zero ice, recooled container 10.3 days to 
-62°C. and zero ice). The combined data are shown in Figure 7. 

Thus the time to any temperature above -62°C. would be four 
days less (for 200 pounds net weight of diborane), or: 

Initial Temp., °C. 
-80 -70 

Days to -35°C. 20.5 16.5 
Days to 0°C. 33.3 29.3 

It must be emphasized that these calculations are for the worst case, 
or the safest assumptions. Other calculations made, but not in
cluded here, show the difference between precooled and recooled con
tainers to be only one day, a more reasonable result; but we elect 
to take the most pessimistic result for greater margin of safety. 

For diborane net weight between 100 and 200 pounds, the range 
authorized by DOT Special Permit 6522, the safest assumption would 
be to subtract four days from each previously reported value of 
storage/shipping time. Although this still gives a reasonable time 
for shipment, it may be shown that merely deducting four days would 
be unduly conservative. The following calculations will illustrate 
for 100 pounds. 
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Enthalpy Data (Figure 8) 
10,220 BTU for 201.5# from -70 to -35°C. 
8,000 BTU for 201.5# from -62 to -35°C. 
2,200 BTU change during loss of dry ice 

Measured rate between -62 and -35°C. 
Time = 20.61 - 14.30 = 6.31 days 
R a t p _ 8000 BTU a 1268 BTU 
R a t e " 6.31 Days Hiy 

Correction for diborane net weight 
(10,220) (100) _ , n „ RTI1 

(2TTT.5) " 5 0 7 2 B T U 

Use the safe assumption that the same 2200 BTU 
change will occur during loss of dry ice (10.3 days) 

5072 - 2200 = 2852 BTU 

Time after dry ice is gone (after 10.3 days) 
2852 BTU = 2 3 davs 
1268 BTU/day Z* 3 d a y s 

Total Time • 10.3 + 2.3 = 12.6 days 

This time of 12.6 days to -35°C. (from initial temperature of -70°C.) 
compares to the 11.6 days one would obtain by the simple deduction of 
4 days from the previously reported 15.6 days for an initial tempera
ture of -80°C. 

There would be no change in the time to go from -35°C„ to 0°C, 
since these would be unaffected by initial temperature. Complete 
data would, therefore, be as follows: 

B2H6 Time for Shipment or Storage, Days 
Net Wt. Initially -70°C. Initially -8Q°C. 
lbs. to -35°C. to 0°C. to -35°C. to 0°C. 

200 16.5 29.3 20.5 33.3 

175 15.6 26.7 19.3 30.4 

150 14.6 24.1 18.1 27.6 

125 13.6 21.6 16.8 24.8 

100 12.6 19.0 15.6 22.0 

This shows a 4-day d i f f e r e n c e a t the f u l l 200-pound l o a d i n g , and a 
3-day d i f f e r e n c e a t the 100-pound l o a d i n g . 
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As explained in CCC 71-12, 0°C. represents a maximum recommended 
operating condition approaching 400 psig in a.vessel designed for 500 
psig with pressure relief at 550 psig. The -35°C. was a somewhat 
arbitrary point selected fora container delivered within the time 
required by the shipping permit. For an initial temperature of -80°^., 
the permit authorizes 15-days for 100 pounds; a margin of 0.6 day to 
-35°C, and a margin of 7.0 days to 0°C. The same or greater margin 
would be allowed, for initial temperature of -70°C.»if the permit 
were written for a shipping time graduated from 12 days with 100 
pounds to 15 days with 200 pounds. For simplicity, however, we re
commend only two shipping times, as follows: 

-70°C. 15 days for 175 to 200 pounds 
12 days for 100 to 174 pounds 

-80°C. 15 days for 100 to 200 pounds 

It should be noted that the time margin to 0°C. (more important than 
the -35°C. point) will be at least equal, and in most cases greater 
than presently allowed. 

In wording of the permit, confirmation of initial temperature 
oy a pressure reading should be required. Not only is this more 
accurate, but it also prevents the possibility of shipping diborane 
containing excessive non-condensables, which could result in ex
cessive pressures at acceptable temperatures. 

Quantities less than 100 pounds were not included in the above 
discussion, since this is not presently authorized by the permit. 
It is worthy of note that the new data presented herein do relate 
to that question. In Figure 2 curves J, K, L, and M were obtained 
with diborane net weights of 96 to 107 pounds. Rate of ice loss is 
virtually identical to rates obtained with 200 pounds of dibaraae.. 
These data are lacking a true temperature, however, because nitrogen 
introduced to pressure out the diborane negated the pressure-tempera
ture conversion. . They do confirm that dry ice lasts over ten days 
and lend some support to the extrapolations made for quantities less 
than 100 pounds. This point is made only by way of describing the 
data offered here, as this request does not cover anything below 100 
pounds net weight of diborane. 
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ADDENDA NOTES, ADDED OCTOBER 1972 

BASIS: 201.5 l b s . Diborane 
• 0.005 Ib-mol non-condensable (N2) 

Atmospher ic P ressu re , 14.7 ps ia (assumed) 
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SPECIAL PERMIT NO. 6522 [PROPOSED REWORDING] 

This special permit is issued pursuant to 49 CFR 170.15 of the 
Department of Transportation (DOT) Hazardous Materials Regulations, 
as amended, to authorize shipments of a poisonous and compressed 
gas and a flammable liquid under conditions as prescribed herein. 
This permit does not relieve any shipper or carrier from compliance 
with any requirement of the DOT regulations, except as specifically 
provided far herein. 

Standard special permit requirements and conditions relating to 
package markings, preparation of shipping papers, shipping experi
ence reports, etc., are published in 49 CFR 171.6. These require
ments are.part.of this special permit. 

1. BASIS. June 14 and July 29, 1971 and April 21, 1972 petitions 
by Callery Chemical Company, Callery, Pa. 

2. COMMODITY. Diborane or methanol (methyl alcohol). 

3. PROPER SHIPPING NAME (49 CFR 172.5). . 

a. For Diborane: Both "Compressed gas, n.o.s. 
(Flammable)" and "Poisonous gas,n.o.s.". 

b. For Methanol: "Methanol" or "Methyl alcohol". 

4. REGULATION WAIVED. 49 CFR SS173.119, 173.304(a) (1) and 
173.328. 

5. AUTHORIZED SHIPPER. The petitioner identified above and its 
customers that are registered with this Board. 

6. PACKAGING PRESCRIBED. In a specially designed 36-inch diameter 
spherical inner tank having a maximum working pressure of 500 Dsig 
containing not less than 100 pounds nor more than 200 pounds of 
product. Inner tank is surrounded (except for the dry ice chamber) 
by a 48-inch diameter cylindrical shell containing perlite insula
tion. For diborane shipment, the dry ice chamber must contain not 
less than 108 pounds of dry ice on the date of shipment. Container 
must be fabricated, and assembled,in accordance with details in
cluded in CVI Corporation's drawings A458-5800 through A458-5821 on 
file with this.Board. Container must be equ pped with an audio
visual alarm to.indicate temperature above -3 °C. Except as other
wise provided herein, the container must be qualifit =vnd prepared 
for shipment in accordance with the petitioner's design and per
formance specifications on file with this Board. 
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SPECIAL PACKAGING REQUIREMENTS. 

a. ALL diborane shipments, including those which qualify as "empty" 
by subparagraph (c), must comply with the following:. 

i. In addition to the flammable gas label and the poison 
gas label, each outside shipping container must bear a 
conspicuous label reading as follows; "IF NOT DELIVERED 
BEFORE . CARRIER MUST ADVISE THE CALLERY CHEMICAL 
COMPANY, CALLERY, PENNSYLVANIA, ALSO THE BUREAU OF EX-. 
PLOSIVES, WASHINGTON, D.C., BY WIRE." The date inserted 
in the blank space on this label must not be in excess of 
the number of days prescribed herein from the date ship
ment is offered for transportation. 

ii. Container must have not less than 108 pounds of dry 
ice in dry ice chamber on the day shipment is made. 

b. All diborane shipments except those which qualify as "empty" 
by subparagraph (c) must ALSO comply with the following: 

i. Filling is to be by weight only. 

ii. Containers precooled to minus 80°C. must reach 
destination within 15 days from date of shipment. True 
temperature at or below -80°C. must be confirmed by pres
sure of 18 psig or lower. 

iii. Containers precooled or recooled to minus 70°C 
must reach destination within the following schedule. 

(a) 15 days from date of shipment when diborane net 
weight is 175 to 200 pounds. -

(b) 12 days from date of shipment when diborane net 
weight is 100 to 174 pounds. 

True temperature at or below -70°C. must be confirmed 
by pressure of 32 psig or lower. 

c. Container shipped as "empty" of diborane must ALSO comply 
with the following: 

i. Must be verified to be "empty" by one of the following: 

(a) The empty weight must not exceed the marked tare 
weight by more than 5 pounds, or 

(b) Level of liquid diborane must be belo' the bottom 
of the dip tube. Loss of liquid seal will ue evident by 
ability to vent gas pressure from the containej (to user's 
tank or other proper vent system) through the d*p tube. 

ii. Pressure must be vented to between 25 and 50 psig at 
the time container is emptied. 
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d. Provisions for shipment of methanol are as follows: 

i. The only time methanol may be shipped is to satisfy, 
contractor's qualification acceptance tests. Under 
these conditions neither the transit time restrictions 
nor the requirement for cooling apply. 

ii. Additionally, the requirements of subparagraphs (a), 
(b), and (c) of this paragraph and the entire paragraph 
(9) do not apply to methanol shipments. 

8. MODES -OF -TRANSPORTATION AUTHORIZED,- Motor vehicle. 

9. SPECIAL TRANSPORTATION REQUIREMENTS. 

a. A copy of this permit, kept current, must be carried aboard 
each motor vehicle. 

b. Shipments of diborane made under the terms of this permit 
must be delivered within the time prescribed in paragraph 7(b). 

c. Each shipping paper must show thereon, following the 
commodity description, the notation, appropriately executed: 

DOT SPECIAL PERMIT NO. 6522 
DATE OF SHIPMENT 
IF NOT DELIVERED BEFORE 
DAYS CARRIER MUST ADVISE BUREAU 
OF EXPLOSIVES, WASHINGTON, D.C. 
BY WIRE. 

d. Each shipper must require acknowledgement of receipt of 
shipment from consignee by wire, to be confirmed in writing, 
and must promptly notify the Bureau of Explosives (AAR) of 
any such shipment not received at destination within two 
days after shipment is due. 

e. Any common carrier by motor vehicle transporting diborane 
under the terms of this permit must be specifically approved 
by the-Federal Highway Administration. 

10. REPORTING REQUIREMENTS. Any incident involving loss of contents 
of the package-must be reported to this Board as soon as practicable, 

11. EXPIRATION DATE. September 15, 1972. 

Issued at Washington, D. C. : 

W. R. Fiste ("DAILY 
For the Administrator 
Federal Highway Administration 
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Address all inquiries to: Secretary, Hazardous Materials Regulations 
Board, U.S. Department of Transportation, Washington, D. C. 20590. 
Attention: Special Permits. 

Dist: a, d, 
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A. J. Toering 
R. 0. Voegtly 

iLLERY CHEMICAL COMPANY 
DIVISION OF MINE SAFETY APPLIANCES COMPANY 

CALLERY. PENNSYLVANIA 16024 • PHONE (4121 538-3510 
24 April 1972 

Office of the Secretary of Transportation 
Washington, D. C. 20590 

Attention: Mr. James Grothe 
Chief, Special Permits Branch 
Office of Hazardous Materials 

Subject: DOT Special Permit No. 6522 

Dear Mr. Grothe: 

You have no doubt figured out that our letters crossed 
in the mails, which obsoletes a part of our 21 April 1972 
letter. 

First Revision to Special Permit No. 6522 (just received) 
covers all items except provision for recooling, which was 
the main thrust of our most 'recent letter. Attachments one 
and two to that letter are still applicable, as a followup 
to your meeting with A. J. Toering on 13 April 1972. 

To prevent confusion, you will find attached to this 
letter a list of modifications necessary to incorporate re-
cooling into First Revision of DOT Special Permit 6522. This 
will replace attachment three to our 21 April 1972 letter. 

We appreciate your cooperation in this joint effort to 
achieve safe and practical shipment of diborane, and we look 
forward to your reply on the recooling provisions. 

Very truly yours, % 

CALLERY CHEMICAL COMPANY 
DIVISION OF MSA COMPANY 

/&U££ 
K. W. Beahm 

KWB:jp 

Attachments 

cc: Mr. R. M. Graziano, Director & Chief Inspector 
Bureau of Explosives (AAR) 

. Mr. W. B. Powell, Technical Manager 
Jet Propulsion Laboratory P a g e A_7g 



Modifications Necessary to Incorporate 
Recooling Provisions in 

SPECIAL PERMIT NO. 6522 
FIRST REVISION 

After "1. BASIS." delete present wording and replace with 
"April 21, 1972 petition by Callery Chemical Company, Callery, 
Pa. " . " 

Delete subparagraph 7(a)iii and subparagraph 7(b)ii. In their 
place, add subparagraphs 7(b)ii and 7(b)iii; as follows: 

7(b)ii Containers precooled to minus 80°C. must reach 
destination within 15 days from date of shipment. True 
temperature at or below -80°C. must be confirmed by 
pressure of 18 psig or lower. 

7(b)iii Containers precoaled or recooled to minus 70°C. 
must reach destination within the following schedule. 

(a) 15 days from date of shipment when diborane net 
weight is 175 to 200 pounds. 

(b) 12 days from date of shipment when diborane net 
weight is 100 to 174 pounds. 

True temperature at or below -70°C. must be confirmed 
by pressure of 32 psig or lower. 

In subparagraph 9(b) delete "within 15 days from date of 
shipment", .and in its place add "within the time prescribed 
in subparagraph 7(b)". 
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be: H. W. Wilson 
A.J. Toering 
R. 0. Voegtly 

l—ALLEF2Y CHEMICAL COMPANY 
DIVISION OF MINE SAFETY APPLIANCES COMPANY 

CALLEflY. PENNSYLVANIA 16024 • PHONE (4121 538-3510 

30 May 1972 

Office of the Secretary of Transportation 
Washington, D. C. 20590 

Attention: Mr. James Grothe 
Chief, Special Permits Branch 
Office of Hazardous Materials 

Subject: DOT Special Permit No. 6522 

Dear Mr. Grothe: 

During review of First Revision to the subject permit, 
one point has arisen which should be clarified. 

In subparagraph 7(c)i, terms are given to define an 
"empty" container. The statement "Pressure should be 
vented to between 25.and 50 psig at the time container 
is emptied." is incorporated in (b) of the subparagraph 
cited; whereas, this venting is a requirement for safety 
in either case, (a) or (b). It is proposed, therefore, 
that the statement about venting be moved to subparagraph 
7(c)ii, making it a requirement of an "empty" container 
whether defined by (a) or (b) of subparagraph 7(c)i. 

Perhaps the above change could be made when you incor
porate provisions for shipment of a recooled container, as 
requested in our letters of 21 April 1972 and 24 April 1972. 

Very truly yours, 

CALLERY CHEMICAL COMPANY 
DIVISION OF MSA COMPANY 

K. W. Beahm-

KWB:jp 

cc: Mr. R. M. Graziano, Director & Chief Inspec to r 
Bureau of Explosive* (AAR) 

Mr. W. B. Powell, Technical Manager 
J e t Propulsion Laboratory 
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be:- C: E.J Iman • --.-
* H.. W.-; Wilson •-

A. J. Toering 
_R. 0. Voegtly 

ILLEJ=?Y\ 
c 

CALLfcRY. PE?i?J3YLVAMIA 1SG24 - PHONE (4121 523-3510 

; : 3 0 August 1972 

UL-zriY CHEMICAL COMPANY 
OIVI3IOM Or MIM5 SAPirY APPLIUiCeS COM.ajNY 

Office of the Secre ta ry of Transpor ta t ion 
Washington, D. C. 20590 

A t t e n t i o n : Mr. James Grothe 
Chief,. Special. Permits-.Branch .. 
0 ffi ce of Hazardous-.iMateri a l s ; K 

S u b j e c t s DOT Spec ia l Perai t N o ^ 6522 •""• 

Dear Mr. Grothe:- ' : , ./"'..i:-?';'"'.' 

In accordance with our telephone conversat ion today, 
a t tached are the proposed r ev i s i ons to the- sub jec t permi t . -
This incorpora tes the provis ion for 15-day l i m i t on s h i p 
ment of an "empty" c o n t a i n e r and defines the recommended • 
method o-f c o o l i n g . The word "racooi ing" has been de le ted > 
in favor of "coo l ing" ; because i t i s a n t i c i p a t e d t f t a t t h e ; 

minus 70°C. may be used as the i n i t i a l t e m p e r a t u r e orr some 
s h i p m a n t s , as wal l as p o s s i b l e use f o r r a c o o i i n g c o n t a i n e r s 
de layed in t r a n s i t . 

In a d d i t i o n , s i n c e t h e e x p i r a t i o n d a t e of t h e s u b j e c t 
p e r m i t p r e s e n t l y i s September 1 5 , 1972, i t i s hereby r e 
q u e s t e d t h a t t h i s pa rmi t be renewed to ex tend the e x p i r a 
t i o n d a t e by one y e a r , t o September 1 5 , 1973. 

Vary t r u l y y o u r s , . ;.. -,7:. :; 

CALLERr CHEMICAL*7 C0M^ANr>^ ;~ 
DIVISION OF MSA COMPANY ^ . 

K. W.. B e a h m ^ r - — - — * * 

KW3:jp .' VV: 

At tachment 

c c : Mr. R. M. G r a z i a n o , D i r e c t q r & Chief I n s p e c t o r ; • . 
Bureau of Exp los ive s (AAR) 

Mr. W. B. P o w e l l , Techn ica l Manager ~; 
J e t P r o p u l s i o n Labora to ry . 
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Recommended Changes 
from FIRST REVISION 
to SECOND REVISION • 

of SPECIAL PERMIT Ho. 6522 

A f t e r ' " 1 . BASIS." d e l e t e p r e s e n t wording and r e p l ace wi th. : : 
"Apr i l 2 1 , 1972 and A u g u s t - 3 0 , 1972 p e t i t i o n s by C a l l e r y Chemical 
Company, Ga l l e ry> P a . " 

D e l e t e subparagraph 7 ( a ) . i i i and subparagraph 7 ( b ) i i . In" t h e i r 
p l a c e , , add s u b p a r a g r a p h s 7 ( b ) i i . and 7 ( b ) i i i ; . a s follows:--.;,:... r: 

v.''- 7(b)it .--" Containers^ p r e c c a l e d - t a minus. 8Q°C:' wi t h iTTofu^drTS^^;^; 
/ n i t r o g e n , m u s t r each ' d e s t i n a t i o n - : wi th in : 15"- days : from- d a t e v~^r.:-': 

of s h i pmen-t. True t e m p e r a t u r e . a t . or below- -3Q°C~~: must . . : . w... 
b e . conf i rmed by p r e s s u r e p f . 18 p s i g v o r l o w e r on- date-.of^^'". V* 
s h i p m e n t . ,. •'-:'.•••_•• -.'̂ "./i^-?--"-;?.'. - '"• • 

7 ( b ) i i i C o n t a i n e r s coo led t o minus?" 70°C. w i t h d r y " i c e : - 7 
( o r l i q u i d n i t r o g e n ) must reach d e s t i n a t i o n w i t h i n t h e 

•: follow-ing- s chedu le—. . ..•.•...-,:'.•". .,\:'.... •,-.-•;. ... ...^....;..-. 

( a ) 15 days from d a t e o f s h i p m e n t when, d i b o r a n e . n e t ; . ; : * ^" 
w e i g h t i s 175 to 200 pounds . . " 

(b) 12 days from d a t e of shipment, when d ibo rane n e t wei g h t 
i s 100 to 174 pounds . 

True t e m p e r a t u r e a t o r below -70°C". mus t be conf i rmed by 
p r e s s u r e of 32 p s i g or lower on d a t e of s h i p m e n t . 

Move-the s t a t e m e n t " P r e s s u r e should be vented to between 25 and 50. 
ps ig a t t h e t ime c o n t a i n e r i s empt ied: . . . " ; . f romsubpa-ragraph--7(c) i(b)-:; . . . 
to subpa rag raph 7(c) i i ,..which- has . t h e - ; e f f e c t of. making. ' - i . t rappi. icablev-
to both 7 ( c ) i ( a ) and 7(c) i ( b ) . - ;:•;;;•=^:l^::

:. '' -''-^'^: • ^\'^:Vi^^^^^::^^^^._-r 

Add subpa rag raph 7 ( c ) i i i , s t a t i n g " C o n t a i n e r s sh ipped as empty mus t : 
reach d e s t i n a t i o n wi th in - 15 days from d a t e of: . :shipmen.t- . i"^ r ;^ • 

In subpa rag raph 9(b) d e l e t e "wi th in 15 days from d a t a o f shipment11"," 
and in i t s p l a c e add "wi th in t h e t ime p r e s c r i b e d in s u b p a r a g r a p h 7 ( b ) " , 
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DEPARTMENT OF TRANSPORTATION 
HAZARDOUS MATERIALS REGULATIONS BOARD 

WASHINGTON, D.C. 20590 

SPECIAL PERMIT NO. 6522 
SECOND REVISION 

(COMPLETE) 

This s p e c i a l p e r m i t i s i s s u e d p u r s u a n t to 49 CFR 170.15 of the 
Department of T r a n s p o r t a t i o n (DOT) Hazardous M a t e r i a l s ^ R e g u l a t i o n s , -
as amended, t o a u t h o r i z e sh ipments of a -poi sonous and compressed --•-•: : 

g a s ; and a flammable l i q u i d under c o n d i t i o n s as- • p r e s c r i b e d ..herein __;.. 
This p e r m i t do e-s no fc r r e l i eve any s h i p p e r - o r c a r r i e r from-campl i a n c e . -
v/ith any r e q u i r e m e n t of t h e DOT r e g u l a t i o n s , , e x c e p t as s p e c i f i c a l l y - -
provided- f o r here in-^ - : : ; • - - " • - • • ,-..:i ^-.w •••• . - ^..^-.^_-:-. .^:-:;;..;-; 

S tandard s p e c i a l p e r m i t r equ i r emen t s - and c o n d i t i o n s r e l a t i n g to/.--.-•• 
package m a r k i n g s , p r e p a r a t i o n of s h i p p i n g p a p e r s , s h i p p i n g : experi—- :V 
ence r e p o r t s , e t c . , a r e p u b l i s h e d in 49 CFR 1 7 1 . 6 . T h e s e i r e q u i r e - . 
ments a r e p a r t of t h i s s p e c i a l p e r m i t . " '. •.;/-:-.C";;: \-~)y:' 

1- M i l l - A p r i l 21 y 1972 and Augus t 3 0 , 1972 p e t i t i o n s by C a l l e r y 
Chemical Company, C a l l e r y , Pa . . 

2 . CO MMODITV. Diborane o r methanol (methyl a l c o h o l ) . ' '.: ' •'"""":.'r::" 

3 . PROPER SHIPPING NAME (49 CFR 1 7 2 . 5 ) . 

a. For D iborane : Both "Compressed- g a s , n . o . s . 
(F lammable)" and "Poisonous g a s , n . o . s . " . '••'. 

b. • For' Methanol : "Methanol" or "Methyl a l c o h o l " . 

4. REGULATION WAIVED. 49 CFR SSI 7 3 . 1 1 9 , 173 .304(a) (1) and - -• 
1 7 3 . 3 2 3 . . . . . ; . „ : . . , i : , . :

: v . •...;..;;•;.;;,;,. ..; '•^:X----:i:^:^py:-Sl1': 

5 . AUTHORIZED SHIPPER. The p e t i t i o n e r s i d e n t i f i e d above and t h e i r . - . ' r : r r 

customers v/ho r e g i s t e r t h e i r i d e n t i t y wi th and r e c e i v e acknowledgement ~ 
from t h i s Board and h a v e a copy of t h e ; s p e c i a l permi t . : ^:;:>'.;;;:;/:. :•_. •; „^:-i---r-: >'•'..-

6. PACKAGING PRESCRI3E0. I n / a s p e c i a l l y des igned 35 - inch d i a m e t e r • 
s p h e r i c a l i n n e r tank hav ing a maximum working p r e s s u r e of 500 p s i g 
c o n t a i n i n g n o t l e s s than 100 pounds n o r mora than 200 pounds of p ro- -? : 
d u c t . I n n e r tank i s su r rounded ( e x c e p t f o r t he dry i c e chamber) by-.'.' 
a 48- inch d i a m e t e r c y l i n d r i c a l s h e l l c o n t a i n i n g p e r l i t e i n s u l a t i o n . .- \ 
C o n t a i n e r m u s t be equi ppe-d with- an' a u d i o - v i s u a l a l a r m t o i a d i ca ts -

t e m p e r a t u r e above minus 35°C. C o n t a i n e r must be f a b r i c a t e d and assembled 
in accordance wi th d e t a i l s i n c l u d e d in CVI C o r p o r a t i o n ' s drawinas ~ 
A453-J300 through A453-5321 on f i l e wi th t h i s Board . Except as "other- ' - ' 
wise p rov ided h e r e i n , t h e c o n t a i n e r must be q u a l i f i e d and p r e p a r e d 
f o r shipment in accordance with- t h e C a l l e r y ' s des ign and per formance . 
soec i fi c a t i o n s on f i l e with t h i s Board*; *" . 
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; " - ?aca ' 'Z.\:J-:•"..'-

7 . SPECIAL PACKAGING REQUIREMENTS. 

a . Al l d i b o r a n e s h i p m e n t s , i n c l u d i n g those which q u a l i f y as "empty" 
by subparagraph ( c ) , must comply wi th the f o l l o w i n g : . • 

i . In a d d i t i o n to the f1ammable-gas l a b e l and t h e poison gas 
l a b e l s each o u t s i d e s h i p p i n g c o n t a i n e r must bear- a c o n s p i c — V : 

uous l a b e l r e a d i n g as f o l l o w s : " IF NOT DELIVERED BEFORE -' -•• 
' CARRIER MUST ADVISE ( I n s e r t name and a d d r e s s " 

of s h i p p e r ^ ALSO THE BUREAU OF EXPLOSIVES, WASHINGTON, D. C-„ 
BY ViIR£_" ihe- d a t e - i n s e r t e d - i n ^ t h e ^ : b lank space on ^th.is label - . -
must n o t be in e x c e s s of the number of days p r e s c r i b e d h e r e i n " " 
fronts t h e da te- -sh ipment , i s : o f f e r e d , f o r t r a n s p o r t s t i on -.--,: r. ; ; ^ ^ 

i i l\. Conta iner-nmst^havei - nofcTess^than; . 1Q8 r'pounds: o f .-dry^ji car %n^i&-.: 
dry i c e chamber on the day sh ipment i s made.. ''-:;:f~-- v 

b . AIT d i b o r a n e sh ipmen t s e x c e p t t h o s e which q u a l i f y a s - "empty" by:^<: ;• 
subpa rag raph ( c ) must a l s o comply wi th t h e following:. ; :! ;- - , . " : - , 

F i l l i n g i s t o be by w e i g h t on ly . - 'T^'v' 

C o n t a i n e r s p r e c o o l e d t o minus 80°C. wi th l i q u i d n i t r o g e n •"•.! 
mus t r e a c h d e s t i n a t i o n w i t h i n 15 days from d a t e o f "ship—i:-.;c;; :• 
m e n t - T r u e - t e m p e r a t u r e a t o r below - 8 0 ° C . must be• corr-" : ".T.,t" 
f i rmed by p r e s s u r e of 18 p s i g o r lower on d a t e of shipment . . . 

C o n t a i n e r s cooled to minus 70°C. with dry i c e ( o r l i q u i d 
n i t r o g e n ) must reach d e s t i n a t i o n w i t h i n t h e f o l l o w i n g 
schedule- . : . : ~ ^ . " - > ••'•"•- ''•'"••-."' 

( a ) 15 days from d a t e of sh ipment when d i b o r a n e net . w e i g h t 
i s 175 to 200 pounds . 

(b) 12 days from date-.-of shipment when d i b o r a n e - n e t , weight.^:"'::; 
i s 1 OCT to-; 1-74- pounds"-, -K.";V^;;.:_ Z:^/^'.r<,--r^^^i^^z<£g^L; 

True t e m p e r a t u r e a t o r below -70°C. must be conf i rmed by ":r ~~ 
p r e s s u r e of 3 2 p s i g o r l o w e r on d a t e of shipment.....;,. ._...- .•;..; 

c . C o n t a i n e r sh ipped as "empty" of d ibo rane must a l s o comp-ly with'-fvv" 
the f o l l o w i n g : --...^ . - • • .; ; -\ •'_ 

i . Must be- v e r i f i e d t o b e "empty" by one of t h e fo l lowing:- . ; , ! ; 1 

( a ) The empty we igh t must n o t exceed t h e marked t a r e -,: V 
w e i g h t by more than*' 5 pounds", or 

C o n t i n u a t i o n of 1 s t Rev-SP "65Z2" 
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C o n t i n u a t i o n of I s t.. Rev S?'"o522. .;"• . ,:'v -̂:i7. • ':"/\\ " . / ; / ^ - ; P a g e - •3:^:^^-;-S. 

(b) Level of l i q u id di bo ran e must be below t h e bot tom of -''-.-• 
the dip t u b e . Loss of l i q u i d s e a l wi 11 be e v i d e n t by 
a b i l i t y to ven t gas p r e s s u r e from the c o n t a i n e r ( t o • 
u s e r ' s tank or o t h e r p r o p e r ven t sys tem) th rough t h s 
d ip t u b e . 

i i . P r e s s u r e shou ld be ven ted t o between 25 and 50 p s i g a t t h e ; - - - ~ 
t ime c o n t a i n e r i s empt ied - v : . • : - . . : -^; :: •'. 

i i i . C o n t a i n e r s sh ipped as empty must reach d e s t i n a t i o n w i t h i n 
. 15 days, f r o m . d a t e of :shipment . :^: -.:-V^^-^"'• ^••r.^^-^R"^-" 

c . P r o v i s i o n s f o r ; s h i pment a f methanol a r e as fol l o w - s r s ^ ^ ^ x ^ ^ ^ r - v W - j : 

'•i';••." The *6n.ly: tfme^methanoT^may^ b e ^ s h i p p e d \ i s : : to s a t i s f y ^ c o n - ^ ^ ; - 1 *"' 
t r a c t o r ' s q u a l i f i c a t i o n - a c c e p t a n c e t e s t s * . " Under;- these ^ •--> • ---
condi t i o n s . n e i t h e r the-•.-•transit:;time..' r e s t r i c t ions-nor^ . the-^ ; - • • • -
r e q u i r e m e n t : f o r - p r e c o o l i n g a p p l y . .: • .'- ; .-;"5t>-:VL:;„.-:;'"-. " : 

i i . Add i t iona l ly -^ : t h e r e q u i r e m e n t s : of s u b p a r a g r a p h s ( a ) v . (b ) ,ic";, •-'-'•:.-
and ( c ) of t h i s pa ragraph and the e n t i r e pa rag raph (9) d o - ^ ^ 
n o t apply t o methanol s h i p m e n t s . 

3 . . MOOES OF TRANSPORTATION AUTHOR! Z E p f e t t o t o r - veh i c l e ^ M ? M ¥ ^ S & S § 

9. SPECIAL TRANSPORTATION REQUIREMENTS.. ' - : ^ ^ - ""•>;-.^ :-'" ' "".•"." 

a. A copy of t h i s p e r m i t , kep t c u r r e n t , must be c a r r i e d aboard : 
each mo to r v e h i c l e . '•'..;"" •'..', 

b . Shipments of d ibo rane made under t h e terms of t h i s p e r m i t 
must be d e l i v e r e d w i t h i n t h e time p r e s c r i b e d in s u b p a r a 
graph 7 ( b ) . 

C . Each shippTng:papar-must-shaw^; t h e r e o n ^ f d l l o w i n g - ^ 
, 'commodi ty .descr ipt ion- , ! ; : the- n o t a t i o n , - a p p r a p r i a t e l y ^ ^ r ^ ^ V f ^ ^ ^ - S ^ : 

'exacutedrrT .•-;-;>—•' ,;\-'v"':: ; .• -T/.v". .. -':/:>-:• V'-;."-: ' l ^ ^ i ^ ^ . ^ ? ^ ^ ; ^ ^ " 

. . DOT SPECI'AL PERMIT NO..6522 •••• . - • ^ ^ X i - v ^ . ^ 
- • •; -DATE OF'SHIPMENT"*-*^- • ' - • • , : /" , . : : 

'T^*?-*-;; • 

IF NOT DELIVERED BEFOR c 

DAYS, CARRIER MUST ADVISE - ' ̂ . "" :v-:'̂ "- . ../̂"": 
• BUREAU OF EXPLOSIVES, WASHINGTON, "/" V ' .-\Cr 

. D . C . B Y : ; W I R E . -:•••.:•*.^-V\"',•-:^>-> 

d. Each, s k i p p e r mus t raq.ui-ra- acicno^e-dg-eiire-frt o-f- rece-rp-t orf~ : . 
shionrerrt" frrrm-con-signee-by wirar, tcr be c o n f i r m e d i r t w r i t i n g , . 
and must promptly n o t i f y t h e Bureau of E x p l o s i v e s (AAR) of 
any such sh ipment n o t r e c e i v e d a t d e s t i n a t i o n wi th in- two;. ; . . - . -
days a f t e r sh ipment i s due . . : . 
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Continuat ion of" 1 s t Rev SP 6522" 7 ; : ^ ^ : ? a g a . : 4 ^ ' ^ 

e . Any common c a r r i e r by motor vehic le t r anspo r t i ng diborana -•••"..•• 
under the terms of th i s permit must be s p e c i f i c a l l y approved 

• by the Federal Highway Adminis t ra t ion . 

10. REPORTING REQUIREMENTS. Any inci dent involving loss of contents-"--' 
of the packaga must be reportad to t h i s Board as soon as pract icable-^- . 

1 1 . - EXPIRATION DATE. September 15, 1973. 

Issued a t Washington,..DX".'-r;~ --;' ,::-\%:'i.' • "K^SH;:-':^/•'-/f^^^rri^ 

. - . - ^ - . - J : —• 

W. R- F i s t a 
For the Administrator^- ' -^ . .:^:;. 
Federal Highway. Administration-

(DATE). 

Address a l l i n q u i r i e s t o r Sec re t a ry , Hazardous Mater ia ls Regulat ions 
Board, U.S. Department o f ; T r a n s p o r t a t i o n , Washington, D.C-r 20590 . . - , : . : 
Attentionr". Special Pe rmi t s . .: C i " ~ " . ••.'•'-'':7ZT. 

Dis t : a, d 
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• i l 
JET PROPULSION LABORATORY California Institute of Technology . 4800 Oak Grove Drive, Pasadena, California 91103 

September 22, 1972 

Refer to: 33U-W3P:lg 
38^02-72-729 

Office of tbe Secretary of 
Transportation 

Washington, D. C. 20550 

Attention! Mr. Janes Grothe 
Chief, Special Pera&ts Branch 
Office of Hazardous Materials 

2ear Mr. Grothe: 

Subject: DOT Special Permit So. 6522 

Special Perait Ho. 6522 applies to an insulated container specially designed 
and fabricated for the transportation of up to 200 Ib^ of diboraae. At present, 
tbe perait is only for quantities of from 100 to 2C0 lba of dlborane, vith ship— 
cent tiffie of from 22 to 20 days, depending on the load and the initial cool-
down terrperature. 

Eie Jet Propulsion laboratory anticipates the need to sake local transfers 
of less than 100 Iba lot3 cf diborane in support of various NASA contracts. 
2hese transfers can usually be made in one day, pickup to delivery. However, 
for conservatism, ve ask that the perait be amended to allow shipment of 5 to 
100 Ibjjj of diborane vhen: 

a. The container and it3 contents are precooled to -70 C or 
lover, and the cooldown teiaperature i3 confiraed by a measured 
ullage pressure of 32 psig or lower on the date of shipment. 

b. The container has not less than 108 Ib^ of dry ice in the dry 
ice carrparticent on the day of shipment. 

c. The container reaches its destination within three days 
from the date of shipment • 

In support of this request, I enclose a graph shoving the results of a dry ice 
cooldown test cade with the esnpty container exposed to the sun at our test station 
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« JET PROPULSION LABORATORY California Institute of Technology • 4800 Oak Grove Drive, Pasadena, California 91103 

Office of the Secretary of -2- September 22, 1972 
Transportation • 

on the grounds of Edwards Air Force 3a3e> in the Ifojave Desert. The empty 
contairer had been cooled down and recharged several times with dry ice for 
about tvo -weeks, so it wa3 in thermal equilibrium at about -TT°V vhen the 
final recharge was made on September 1, 1972. The curve shows that if the 
recharge had "been to 108 Ib^ of dry ice the period of tire taken to evaporate 
the dry ice and increase the container temperature to -35°C would have "been 
over seven days. 

The presence of diborane in the container would probably not have increased 
the dry ice evaporation time, but would have increased the warmup portion of 
the tine because of the increased heat capacity of the container plus its 
contents. 

This test data indicates that the requested modification to Special Permit 
No. 6522 is conservative by a factor of mare than two. 

JPL anticipates having to make a transfer of approximately 90 lb^ of diborane 
to Rocketdyne, a distance of about 100 miles, during the week of October 10. 
This is a most conservative case, since the transfer will be completed in one 
day and the 9° IDQ of diborane will add appreciably to the heat capacity and 
varmup time of the shipment. 

It will be appreciated if permission to make this one planned transfer can 
be obtained by the October 10 date, as timely performance by Rocketdyne on a 
NASA contract is involved. 

Very truly yours, 

Walter 3. Powell 
Member of Technical Staff 
Liquid Propulsion Section 

Enclosure: Graph 

cc: Mr. K. W. Eeafam, CaHery Chemical 
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